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*  Spencer  Brunton,  New  South  Wales  Zoôlogical  Society. 
David  S.  Jordan,  Australian  Muséum. 

W.  H.  D.  Le  Souëf,  Zoôlogical  and  Acclimatisation  Society.  Australian  Orni- 
thologists' Union. 

W.  G.  Marsh,  Public  Library  Muséum  and  Art  Gallery  of  South  Australia. 

*  George  J.  Scale,  New  South  Wales  Zoôlogical  Society. 

*  E.  A.  Smith,  South  Australian  Ornithologists'  Union. 

AUSTRIA 

t  Ludwig  von  Graff,  K.  K.  Karl-Franzens-Universitât,  Graz.  K.  K.  Natur- 
historisches  Hofmuseums,  Wien.  Naturwissenschaftlicher  Verein  fur  Steiermark 
in  Graz. 

Belgium 

*  Hugo  de  Cort,  Société  Royale  Zoologique  et  Malacologique  de  Belgique. 

*  Auguste  Lameere,  Université  Libre  de  Bruxelles. 

Paul  Pelseneer,  Académie  Royale  des  Sciences,  des  Lettres,  et  des  Beaux- 
Arts  de  Belgique. 
Guillaume  Severin,  Musée  Royale  d'Histoire  Naturelle  de  Belgique. 

Bermuda 

*  F.  Goodwin  Gosling,  | 

S.  Maxwell  Greene,      \  Bermuda  Natural  History  Society. 

*  Louis  L.  Mowbray,    J 

BOHEMIA 

Alois  Mràzek,  Bohemian  University,  Prague.  Royal  Bohemian  Society  of 
Sciences  in  Prague. 

Brazil 
Emil  A.  Goeldi,  Museu  Goeldi  de  Historia  Natural  e  Ethnographia. 

Canada 

*  W.  T.^M^cCÏement,}  ^""^^''^  University,  Kingston. 

Chile 
t  Manuel  J.  Rivera. 
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China 

t  ?■  ■?;  ^^^'         1  North  China  Branch  of  the  Royal  Asiatic  Society. 
John  C.  FergusonJ 

t  Yung  Kwai. 

France 

t  Raphaël  Blanchard,  Université  de  Paris.     Société  Zoologique  de  France. 

*  t  Marcellin  Boule. 

*  Yves  Delage,  Université  de  Paris. 
Charles  Depéret,  Université  de  Lyon. 

*  t  A.  Giard,  Société  de  Biologie. 
t  Charles  Gravier. 

Samuel  A.  Green,  Académie  des  Lettres,  Science,  et  Arts  de  Caen. 
t  J.  de  Guerne,  Société  Zoologique  de  France. 
Gustave  Loisel,  Société  de  Biologie. 

Marie  Loyez  (Mlle.),  Department  of  Public  Instruction,  Fine  Arts,  and  Wor- 
ship.     Société  Zoologique  de  France. 

*  t  Edmond  Perrier. 

Germant 

*  Rudolf  Blasius,  Deutsche  Ornithologische  Gesellschaft. 
Wilhelm  Blasius,  Verein  fur  Naturwissenschaft  in  Braunschweig. 
t  Maxim  Braun. 

Richard  Hertwig,  Deutsche  Zoologische  Gesellschaft. 

t  Richard  Heymons. 

Otto  Maas,  Gesellschaft  fur  Morphologie  und  Physiologie,  Miinchen. 

t  H.  Schauinsland. 

t  Gustav  Steinmann. 

*  Ludwig  Wunderlich,  Zoologischer  Garten,  Kôln. 

Cari  Zimmer,  Kônigliche  Universitât,  Breslau.  Verein  fur  Schlesische  Insek- 
tenkunde  zu  Breslau.     Breslauer  Zoologische  Garten. 

Great  Britain  and  Ireland 

t  Charles  W.  Andrews,  British  Muséum  (Natural  History). 

William  Bateson,  University  of  Cambridge.  Royal  Society.  Cambridge 
Philosophical  Society. 

Sidney  F.  Harmer,  University  of  Cambridge.  University  of  Glasgow. 
Cambridge  Philosophical  Society.  Marine  Biological  Association  of  the  United 
Kingdom. 

*  William  A.  Herdman,  University  of  Liverpool. 

William  E.  Iloyle,  Victoria  University  of  Manchester.  Manchester  Muséum. 
Conchological  Society  of  Great  Britain  and  Ireland. 

*  E.  A.  MacBride,  Royal  Society. 

*  P.  Chalmers  Mitchell,  University  of  London. 
John  Murray,  Royal  Society  of  Edinburgh. 

t  C.  Tatc  Regan,  British  Muséum  (Natural  Ilistory). 

Charles  F.  Roussolet,  Quekett  Microscopical  Club. 

Robert  F.  ScharfT,  Royal  Irish  Academy.  Royal  Zoôlogical  Society  of  Ire- 
land.    Dublin  Muséum  of  Science  and  Art. 

Arthur  E.  Shiploy,  University  of  Cambridge.  Linnean  Society  of  London. 
Cambridge  Philosophical  Society.  Marine  Biological  Association  of  the  United 
Kingdom. 

*  D'Arcy  W.  Thompson,  Marine  Biological  Association  of  the  I^nitod  Kingdom. 
J.  Arthur  Thomson,  University  of  Aberdeen,    Royal  Microscopical  Society. 

Scottish  Natural  History  Society. 
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Guatemala 
t  Luis  T.  Herrate. 

HUNGARY 

t  Stephan  Apâthy,  Kolozsvar  Hungarian  Royal  "Ferencz  Jozief"  University. 
t  Géza  de  Horvâth,   Royal  Hungarian  Society  of  Natural  Sciences.      Royal 
Hungarian  Academy  of  Sciences.    Royal  Hungarian  National  Muséum. 

Italy 

*  F.  A.  Forel,  Reale  Istituto  Lombardo  di  Scienze  e  Lettere. 

Alessandro  Ghigi,  Italian  Ministry  of  Public  Instruction.  Ministère  di  Agri- 
coltura,  Industria  e  Commercio.  Universitâ  di  Bologna.  Unione  Zoologica 
Italiana. 

Charles  S.  Minot,  Reale  Accademia  délie  Scienze  di  Torino. 

Japan 
Percival  Lowell,  ' 


„,       HT     <^     1        I     Asiatic  Society  of  Japan. 
Clay  MacCauley,  j  j'  t- 

t  Shôzaburo  Watase. 

Netherlands 

J.  Bûttikofer,  Rotterdamsche  Diergaarde. 

t  A.  A.  W.  Hubrecht,  Rijks-Universiteit.    Koninklijke  Académie  van  Weten- 
schappen. 

J.  W.  van  Wijhe,  Nederlandsche  Dierkundige  Vereeniging. 

New  Brunswick 

*  Loring  W.  Bailey,  University  of  New  Brunswick. 

New  Zealand 
David  S.  Jordan,  Canterbury  Collège. 

Norway 

t  Kristine  Bonnevie  (Miss). 

*  Johan  Hjort,  Bergens  Muséum. 

ROUMANIA 

*  Léon  C.  Cosmovici,  Universitatea  din  lasi. 

RussiA 

*  B.  Bogoroditsky,  Impérial  University  of  Kazan. 

Konstatin  M.  Derjugin,  Impérial  St.  Petersburg  Society  of  Naturalists. 
G.  A.  Koshewnikoff,  Impérial  University  of  Moscow.    Société  Impériale  Russe 
d'Acclimatation. 

Victor  Nédrigailoff,  Société  Médicale  à  Kharkow. 

*  Vladimir  Schewiakofî,  Impérial  University  of  St.  Petersburg.     Impérial  St. 
Petersburg  Society  of  Naturalists. 

SlAM 

t  Théodore  N.  Gill. 

Spain 

Henry  A.  Pilsbry,  Real  Academia  de  Ciencias  Exactas,  Fisicas  y  Naturales  de 
Madrid. 

Richard  Rathbun,  Sociedad  Aragonesa  de  Ciencias  Naturales. 
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SWITZERLAND 

t  Herbert  H.  Field,  Concilium  Bibliographicum. 

t  Otto  Fuhrmann,  Académie  de  Neuchatel. 

Gustav  Schneider,  Ornithologische  Gesellschaft,  Basel. 

t  Theophil  Studer. 

t  Emile  Yung,  Université  de  Genève. 

Tasm.ojia 

*  Robert  M.  Johnston,        1     Royal      Society      of      Tasmania.      Tasmanian 

*  Russell  E.  McNaughton,  j        Muséum  and  Botanical  Gardens. 

United  States 
Alexander  Agassiz,  National  Academy  of  Sciences. 

t  Frank  Baker,  Georgetown  University.  National  Zoôlogical  Park.  Wash- 
ington Academy  of  Sciences. 

Maurice  A.  Bigelow,  Columbia  University. 

Robert  P.  Bigelow,  Massachusetts  Institute  of  Technology. 

*  Edward  A.  Birge,  University  of  Wisconsin. 
Eliphalet  W.  Blatchford,  Chicago  Academy  of  Sciences. 

William  K.  Brooks,  Johns  Hopkins  University.  American  Philosophical 
Society. 

*  Arthur  E.  Brown,  Zoôlogical  Society  of  Philadelphia. 
Robert  A.  Budington,  Wesleyan  University.     Oberlin  Collège. 

Hermon  C.  Bumpus,  American  Muséum  of  Natural  History.  New  York 
Academy  of  Sciences. 

Gary  N.  Calkins,  Columbia  University. 

*  Philip  P.  Calvert,  University  of  Pennsylvania. 

*  George  L.  Cannon,  Colorado  Scientific  Society. 
Frédéric  W.  Carpenter,  University  of  Illinois. 

*  Edgar  D.  Cass,  Manchester  Institute  of  Arts  and  Science. 
William  E.  Castle,  Harvard  University. 

Charles  M.  Child,  University  of  Chicago. 

*  Cornelia  M.  Clapp  (Miss),  Mt.  Holyoke  Collège. 

Wesley  R.  Coe,  Yale  University.    Connccticut  Academy  of  Art8  and  Sciences. 

*  J.  Franklin  Collins,  Brown  University. 

*  John  H.  Comstock,  Cornell  University. 

Edwin  G.  Conklin,  American  Philosophical  Society.  American  Association 
for  the  Advancement  of  Science.     Academy  of  Natural  Sciences  of  Philadelphia. 

*  Herbert  W.  Conn,  Wesleyan  University. 

*  Thomas  Craig,  Staten  Island  Association  of  Arts  and  Sciences. 

*  Henry  E.  Crampton,  Columbia  University. 

William  H.  Dali,  Smithsonian  Institution. 

*  Edward  S.  Dana,  Yale  University. 

Charles  B.  Davenport,  American  Society  of  Naturalists. 
Bashford  Dean,  Columbia  University. 

*  Samuel  G.  Dixon,  Zoôlogical  Society  of  Philadelphia. 

Henry  H.  Donaldson,  American  Philosophical  Society.  American  Society  of 
Naturalists. 

Harrison  G.  Dyar,  United  States  National  Muséum.  Entomological  Society 
of  Washington. 
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George  F.  Eaton,  Connecticut  Academy  of  Arts  and  Sciences. 
Harold  C.  Ernst,  Harvard  University. 

*  Barton  W.  Evermann,  United  States  Bureau  of  Fisheries.  Biological  Society 
of  Washington. 

*  Walter  Faxon,  Muséum  of  Comparative  Zoôlogy. 

*  Walter  K.  Fisher,  Leland  Stanford  Jr.  University. 

Stephen  A.  Forbes,  University  of  Illinois.    American  Society  of  Zoôlogists. 

Théodore  N.  Gill,  Smithsonian  Institution.  Washington  Academy  of  Sciences. 
Biological  Society  of  Washington. 

*  Joseph  Goldberger,  United  States  Public  Health  and  Marine- Hospital 
Service. 

*  Frederick  P.  Gorham,  Brown  University. 
Michael  F.  Guyer,  University  of  Cincinnati. 

J.  Arthur  Harris,  Washington  University  (St.  Louis).  Academy  of  Science 
(St.  Louis). 

Harold  Heath,  Leland  Stanford  Jr.  University. 

William  B.  Herms,  Ohio  Wesleyan  University. 

C.  Judson  Herrick,  American  Association  for  the  Advancement  of  Science. 

Francis  H.  Herrick,  Western  Reserve  University. 

William  J.  HoUand,  Carnegie  Muséum  (Pittsburgh). 

Samuel  J.  Holmes,  University  of  Wisconsin. 

Leland  O.  Howard,  United  States  Department  of  Agriculture.  Entomological 
Society  of  Washington. 

*  William  H.  Huse,  Manchester  Institute  of  Arts  and  Science. 

*  Lawrence  W.  Jenkins,  Essex  Institute. 

Charles  W.  Johnson,  Boston  Society  of  Natural  History. 

*  Lynds  Jones,  Oberlin  Collège. 

David  S.  Jordan,  Leland  Stanford  Jr.  University.  CalLfornia  Academy  of 
Science. 

William  E.  Kellicott,  Woman's  Collège  of  Baltimore. 

Vernon  L.  Kellogg,  Leland  Stanford  Jr.  University.     Entomological  Society  of 
America. 
John  S.  Kingsley,  Tufts  Collège. 

*  Leslie  A.  Lee,  Portland  Society  of  Natural  History. 
Thomas  G.  Lee,  American  Society  of  Naturalists. 

George  Lefevre,  University  of  Missouri.    American  Society  of  Zoôlogists. 

*  Charles  W.  Leng,  Staten  Island  Association  of  Arts  and  Sciences. 
Elizabeth  J.  Letson  (Miss),  Buffalo  Society  of  Natural  History. 
Frank  R.  Lillie,  University  of  Chicago. 

William  A.  Locy,  Northwestern  University.    Chicago  Academy  of  Sciences. 
Richard  S.  Lull,  Yale  University.    Connecticut  Academy  of  Arts  and  Sciences. 

Clarence  E.  McClung,  University  of  Kansas. 

*  Charles  F.  W.  McClure,  Princeton  University. 
George  G.  MacCurdy,  Yale  University. 

*  James  H.  McGregor,  Columbia  University. 

J.  Plaj'fair  McMurrich,  American  Society  of  Naturalists. 
Edward  L.   Mark,   Harvard  University.     American  Academy  of  Arts  and 
Sciences. 
Charles  L.  Marlatt,  Entomological  Society  of  Washington. 

*  William  S.  Marshall,  University  of  Wisconsin. 
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*  Albert  D.  Mead,  Brown  University. 

*  Lafayette  B.  Mendel,  Connecticut  Academy  of  Arts  and  Sciences. 

*  C.  Hart  Merriam,  United  States  Department  of  Agriculture. 

*  Maynard  M.  Metcalf,  Oberlin  Collège. 
Charles  S.  Alinot,  Harvard  University. 

*  Thomas  H.  Montgomery,  Jr.,  University  of  Texas. 

J.  Percy  Moore,  University  of  Pennsylvania.    Academy  of  Natural  Sciences  of 
Philadelphia. 

Thomas  H.  Morgan,  Columbia  University. 
Edward  S.  Morse,  Peabody  Academy  of  Science. 

Arnold  E.  Ortmann,  Carnegie  Muséum  (Pittsburgh). 

Henry   F.    Osborn,    Columbia  University.      American    Muséum   of   Natural 
History. 

Herijert  Osborn,  Ohio  State  University.    American  Society  of  Zoôlogists. 

*  Wilfred  H.  Osgood,  Biological  Society  of  Washington. 

George  H.  Parker,  Harvard  University. 
Amos  W.  Peters,  University  of  Illinois. 
Henry  A.  Pilsbry,  Academy  of  Natiu-al  Sciences  of  Philadelphia. 

B.  H.  Ransom,  United  States  Department  of, Agriculture, 
t  Richard  Rathbun,  Smithsonian  Institution. 

*  George  S.  Raymer,  Colorado  Scientific  Society. 
Percy  E.  Raymond,  Carnegie  Muséum  (Pittsburgh). 
Jacob  Reighard,  University  of  Michigan. 

John  Ritchie,  Jr.,  Boston  Scientific  Society. 

*  Willis  H.  Ropes,  Essex  Institute. 

*  Charles  Schuchert,  Yale  University. 

*  Eugène  A.  Schwarz,  Entomological  Society  of  Washington. 

WiUiam   T.    Sedgwick,    Massachusetts   Institute   of   Technology.     American 
Society  of  Naturalists. 

Benjamin  Sharj),  Academy  of  Natural  Sciences  of  Philadelphia. 

*  George  H.  Shattuck,  Essex  Institute. 

Henry  Skinner,  American  Entomological  Society.     Entomological  Society  of 
America. 

*  Hugh  M.  Smith,  ITnited  States  Bureau  of  Fisheries. 
John  B.  Smith,  Entomological  Society  of  America. 
Theobald  Smith,  I  larvard  University. 

Leonhard  Stejneg(>r,  United  States  National  Muséum.    Washington  Academy 
of  Sciences.     Biological  Society  of  Washington. 
Malcolm  E.  Stickney,  Denison  University. 
Charles  W.  Stiles,  United  States  Public  Health  and  Marine-Hospital  Service. 

*  James  H.  StoUer,  Union  Collège. 

Witmcr  Stone,  Academy  of  Natural  Sciences  of  Philadelphia. 
Francis  B.  Sumner,  United  States  Bureau  of  Fisheries. 

David  H.  Tonnent,  Bryn  Mawr  Collège. 

W.  E.  Clyde  Todd,  Carnegie  Muséum  (Pittsburgh). 

William  L.  Tower,  University  of  Chicago. 

Aaron  L.  Treadwell,  Vassar  Collège. 

Frederick  W.  True,  United  States  National  Muséum. 

Abbie  H.  Turner  (Miss),  Mount  Holyoke  Collège. 

T.  Wayland  Vaughan,  United  States  Geological  Survey. 
Addison  E.  Verrill,  Yale  University. 
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*  Henry  P.  Walcott,  Muséum  of  Comparative  Zoôlogy. 
Louise  B.  Wallace  (Miss),  Mount  Holyoke  Collège. 
Herbert  E.  Walter,  Brown  University. 

Henry  B.  Ward,  University  of  Nebraska.    American  Society  of  Zoôlogists. 

Arthur  W.  Weysse,  Boston  University. 

William  M.  Wheeler,  New  York  Entomological  Society. 

Charles  O.  Whitman,  University  of  Chicago. 

Burt  G.  Wilder,  Cornell  University. 

*  Harris  H.  Wilder,  Smith  Collège. 

Mary  A.  Willcox  (Miss),  Wellesley  Collège. 

Edmund  B.  Wilson,  Columbia  University.    American  Association  for  the  Ad- 
vancement  of  Science. 
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XAgassiz,  Alexander. 

Allen,  J.  A.,  American  Muséum  of  Natural  History,  New  York. 

*  Allen,  Mrs.  J.  A.,  202  West  103  St.,  New  York. 

t  Allen,  Wynfred  E.,  State  Normal  School,  Kearney,  Nebr. 

t  Allorge,  Marcel,  University  Muséum,  Oxford. 

Alsberg,  Cari  L.,  845  Boylston  St. 

t  Anderson,  Richard  J.,  Queen's  Collège,  Galway,  Ireland. 

î  Andrews,  Charles  W.,  British  Muséum  (Natural  History),  London. 

Andrews,  Ethan  A.,  Johns  Hopkins  University,  Baltimore. 

X  Apâthy,  Stephan  von,  Kolozsvâr  University,  Kolozsvâr,  Hungary. 

*  Apâthy,  Frau  S.  von,  Kolozsvâr,  Hungary. 

*  Armington,  Miss  Sarah  R.,  74  Réservoir  St.,  Cambridge. 

t  Averintzeff,  S.,  Imperatorskij  S.-Peterburgskij  Universitât. 

Bacon,  N.  T.,  Witchfield,  Andover,  Mass. 

t  Baker,  Frank,  1728  Columbia  Road,  Washington. 

Balch,  Francis  N.,  60  State  St. 

t  Bambeke,  Charles  van.  Université  de  Gand,  Gand,  Belgium, 

*  Bamberger,  Miss  Agnes  S.,  Boston. 

Barbour,  Edwin  H.,  University  of  Nebraska,  Lincoln. 
Barbour,  Thomas,  Muséum  of  Comparative  Zoôlogy,  Cambridge. 
Barker,  Franklin  D.,  University  of  Nebraska,  Lincoln. 
Barrows,  William  M.,  Ohio  State  University,  Columbus. 
Batchelder,  Charles  F.,  7  Kirkland  St.,  Cambridge. 
Bâtes,  George  A.,  Tufts  Collège  Médical  School. 

*  Bâtes,  Mrs.  G.  A.,  Boston. 

JBateson,  W.,  Grantchester,  Cambridge,  England. 
t  Bather,  Francis  A.,  British  Muséum  (Natural  History),  London. 
t  Bedot,  Maurice,  Muséum  d'Histoire  Naturelle,  Genève. 
Beebe,  C.  William,  New  York  Zoôlogical  Park. 

*  Beebe,  Mrs.  C.  W.,  New  York. 

Bergmann,  W.,  Eigenheimstr.  1,  Eigenheim,  Germany. 

*  Bethune,  Miss  Béatrice  M.,  Guelph,  Ontario. 

Bethune,  Charles  J.  S.,  Ontario  Agricultural  Collège,  Guelph. 

Beutenmiiller,  William,  American  Mviseum  of  Natural  History,  New  York. 

t*Bickford,  Miss  Elizabeth  E.,  266  St.  Botolph  St. 

Bigelow,  Henry  B.,  Muséum  of  Comparative  Zoôlogy,  Cambridge. 

*Bigelow,  Mrs.  Henry  B.,  13.5  Mnrlborough  St. 

Iliigelow,  Maurice  A.,  Teachers  Collège,  New  York. 

IBigelow,  Robert  P.,  Massachusetts  Institide  of  Technology. 

t  Blair,  W.  Reid,  New  York  Zoôlogical  Park. 
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t  Blanc,  Henri,  Université  Lausanne. 
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t  Blasius.  Wilhelm,  Gauss  Strasse  17,  Braunschweig,  Germany. 

Blount,  Miss  Mary,  University  of  Chicago. 

tîBogoroditsky,  B.,  Impérial  University  of  Kazan. 

t  Bolsius,  H.,  Collège  S.  J.,  Oudenbosch,  Holland. 

*  Bonnevie,  Miss  Kristine,  121  Brattle  St.,  Cambridge. 
Borgert,  Adolf,  Rheinische  Fredrich-Wilhelms-Universitàt,  Bonn. 
t  Bouvier,  E.  L.,  Muséum  d'Histoire  Naturelle,  Paris. 
Bowditch,  Harold,  Porid  St.,  Jamaica  Plain,  Mass. 

*  Bowers,  Miss  Mary  A.,  8  Avon  Place,  Cambridge. 
Bradley,  J.  Chester,  State  Board  of  Entomology,  Atlanta,  Ga. 
I  Braun,  Max,  Zoologische  Muséum,  Koenigsberg,  Prussia. 
Breed,  Robert  S.,  Allegheny  Collège,  Mead ville,  Pa. 
Bremer,  John  L.,  18  Fairfield  St. 

Bristol,  Charles  L.,  New  York  University. 

*  Bristol,  Mrs.  Charles  L.,  New  York. 
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\XBrown  Arthur  E. 
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RAPPORT  SUR  LE  CONCOURS  POUR  LE  PRIX  DE  S.  M. 
L'EMPEREUR   NICOLAS   II 

R.  BLANCHARD 

Secrétaire  Général  du  Comité  Permanent  et  Secrétaire  de  la  Commission 
Internationale  des  Prix 

La  question  mise  au  concours  par  la  Commission  internationale 
des  prix  était  la  suivante: 

Nouvelles  recherches  expérimeiitales  sur  la  question  des  hybrides. 

Un  seul  mémoire  a  été  présenté,  en  réponse  à  cette  question  ;  par 
L.  Cuénot,  professeur  à  l'Université  de  Nancy. 

L'auteur  a  choisi  comme  matériel  la  Souris  domestique,  qui  se 
prête  bien  à  ce  genre  de  recherches  par  sa  fécondité,  sa  facilité  d'élevage 
et  la  multipUcité  de  ses  races.  Depuis  sept  ans,  il  a  croisé  entre  elles 
et  dans  tous  les  sens  les  différentes  formes  qu'il  a  pu  se  procurer,  en 
suivant  leur  généalogie  sans  lacune  durant  ce  long  espace  de  temps, 
jusqu'à  ce  qu'il  soit  arrivé  à  établir  une  théorie  de  prévision,  tellement 
certaine  qu'il  a  pu  prédire  à  l'avance  le  résultat  d'un  croisement  entre 
deux  races  différentes,  croisement  qui  n'avait  pas  encore  été  effectué 
jusqu'ici.    Voici  les  résultats  auxquels  il  est  arrivé: 

Les  caractères  descriptifs  d'un  Animal  dépendent  de  substances 
distinctes,  renfermées  dans  le  plasma  germinatif  (noyau  ?)  de  l'œuf 
ou  du  spermatozoïde.  Ces  substances  sont  les  déterminants,  que  l'on 
peut  désigner,  faute  de  connaissance  de  leur  nature  chimique,  par  des 
lettres.  Chaque  déterminant  est  susceptible  de  variation  indépendante. 
Cuénot  montre  que  la  couleur  du  pelage  et  des  yeux,  chez  les  Souris, 
est  en  rapport  avec  cinq  déterminants.  Quand  l'un  d'eux  est  modifié, 
il  y  a  quelque  chose  de  changé  dans  la  couleur.  De  plus,  ces  dé- 
terminants sont  en  rapport  sans  doute  avec  bien  d'autres  caractères 
que  la  couleur,  car  plusieurs  d'entre  eux  influent  certainement  sur 
la  santé  générale  de  l'Animal,  sa  vivacité,  etc.  Remarquons  en 
passant  l'accord  complet  de  ces  résultats  généraux  avec  ceux  obtenus 
récemment  chez  les  Giroflées  (Matthiola)  par  Bateson,  Saunders  et 
Punnett. 

Le  problème  de  la  transmission  héréditaire  des  caractères  de- 
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scriptifs  est  donc  en  réalité  le  problème  de  la  transmission  des  dé- 
terminants; Cuénot  a  constaté,  le  premier  pour  la  zoologie,  que 
ceux-ci  suivaient  strictement  les  règles  de  Mendel:  dominance  d'un 
déterminant  sur  son  homologue,  disjonction  des  déterminants  homo- 
logues lors  de  la  formation  des  gamètes,  de  telle  sorte  que  chaque 
gamète  renferme  un  seul  lot  complet  de  déterminants,  variant  de 
constitution  suivant  les  lois  du  hasard. 

Cuénot,  après  avoir  établi,  pour  toutes  les  races  connues  de  Souris, 
ce  qu'il  appelle  la  formule  héréditaire,  c'est-à-dire  la  liste  nominale  de 
leurs  déterminants,  a  pu  donner  l'explication  très  simple  et  très  claire 
d'un  certain  nombre  de  problèmes  singuliers  de  l'hérédité: 

1.  Par  exemple,  résoudre  le  paradoxe  de  Darbishire.  En  croisant 
deux  races  de  Souris,  toutes  deux  à  yeux  rouges,  parfaitement  con- 
stantes, on  obtient  infailliblement  des  hybrides  à  yeux  noirs,  par  suite 
du  groupement  de  déterminants  pigmentaires  qui  étaient  séparés  et, 
par  suite,  non  effectifs  dans  l'une  et  l'autre  races. 

2.  En  croisant  une  Souris  absolument  blanche  et  une  autre 
presque  toute  blanche,  on  peut  obtenir  à  coup  sûr  une  Souris 
entièrement  pigmentée;  cela  tient  à  ce  que  la  première  renferme  le 
déterminant  du  pelage  uniforme  et  n'a  pas  le  déterminant  du  pigment, 
tandis  que  la  seconde  a  le  déterminant  du  pelage  panaché  (qui  est 
dominé  par  son  homologue  du  pelage  uniforme)  et  possède  le  dé- 
terminant du  pigment;  le  groupement  donne  des  Souris  pigmentées 
à  pelage  uniforme. 

3.  Enfin,  Cuénot  a  donné  une  explication  probablement  définitive 
de  l'atavisme  :  ce  n'est  plus  le  retour  à  l'activité  de  plasmas  ances- 
traux,  restés  latents  on  ne  sait  pourquoi,  mais  tout  simplement  la 
formation  d'un  groupement  de  déterminants  dominants,  isolés  dans 
diverses  races,  combinaison  identique  à  celle  qui  déterminait  chez 
l'ancêtre  ses  caractères  particuliers. 

Tant  par  la  précision  de  la  méthode  que  par  l'importance  des 
résultats,  il  a  paru  à  la  Commission  que  ce  travail,  qui  résume  une 
longue  série  d'expériences  ingénieuses  et  exécutées  avec  une  méthode 
parfaite,  était  digne  de  recevoir  le  prix  de  S.  M.  l'Empereur  Nicolas  IL 

Toutefois,  avant  de  prendre  une  décision,  la  Commission  s'est 
trouvée  en  présence  d'une  situation  très  délicate,  dont  il  est  de  mon 
devoir  de  dire  un  mot  dans  ce  rapport. 

Le  14  juin  1907  au  soir,  par  conséquent  deux  semaines  exactement 
après  la  clôture  du  concours,  le  Secrétaire  de  la  Commission  reçut  avis 
que  le  professeur  Standfuss,  de  Ziirich,  posait  sa  candidature.  Trois 
jours  plus  tard,  il  recevait  un  volumineux  manuscrit  en  langue  alle- 
mande, accompagné  de  brochures  déjà  publiées,  de  photographies 
et  de  plusieurs  cartons  renfermant  des  Lépidoptères.  Dans  ce  travail 
inédit,  le  Professeur  Standfuss  faisait  l'exposé  méthodique  des  re- 
cherches expérimentales  que,  depuis  un  grand  nombre  d'années 
il  consacre  à  l'étude  de  l'hybridité  chez  les  Papillons.    C'était  assuré- 
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ment  un  travail  de  haute  valeur,  bien  digne  d'être  mis  en  balance 
avec  celui  du  Professeur  Cuénot. 

La  Commission,  pourtant,  n'hésita  pas.  Elle  entrevit  que,  si 
elle  admettait  à  concourir,  en  raison  de  sa  valeur  exceptionnelle,  le 
travail  du  Professeur  Standfuss,  bien  qu'arrivé  plus  de  deux  semaines 
après  la  date  officielle  de  clôture  du  concours,  elle  constituerait  un 
précédent  des  plus  dangereux.  Aussi  a-t-elle  été  unanime  à  exclure 
le  travail  du  Professeur  Standfuss. 

J'ai  donc  l'honneur,  au  nom  de  tous  les  membres  de  la  Com- 
mission, de  proposer  au  vote  du  Congrès  les  résolutions  suivantes  : 

1.  Le  prix  de  S.  M.  l'Empereur  Nicolas  II  est  attribué  au  Pro- 
fesseur Cuénot,  de  l'Université  de  Nancy; 

2.  Une  mention  très  honorable  est  attribuée  au  Professeur 
Standfuss,  de  Zurich. 

—  Ces  conclusions,  mises  aux  voix,  sont  adoptées  à  l'unanimité. 


RAPPORT  SUR  UNE  PROPOSITION  DE  LA  SOCIÉTÉ 
IMPÉRIALE  DES  NATURALISTES  DE  SAINT-PÉTERS- 
BOURG, INSTITUANT   LE  PRIX  A.  O.  KOVALEVSKY 

R.   BLANCHARD 

Pour  honorer  la  mémoire  du  célèbre  embryologiste  A.  O.  Kova- 
levsky,  membre  de  l'Académie  des  Sciences  de  Saint-Pétersbourg, 
la  Société  Impériale  des  Naturalistes  de  cette  ville  a  décidé  de  fonder 
un  prix  international,  au  sujet  duquel  le  Congrès  a  été  saisi  officielle- 
ment. 

Voici  le  règlement  qui  est  soumis  à  notre  approbation  : 
L   Le  prix  qui  porte  le  nom  de  A.  O.  Kovalevsky  est  formé  des 
arrérages  du  capital  des  donations  faites  en  mémoire  des  travaux  de 
ce  savant. 

2.  Le  capital  de  la  fondation  est  inaliénable;  il  est  adminstré 
par  la  Société  Impériale  des  Naturalistes  de  Saint-Pétersbourg.  Il 
est  déposé  à  la  Banque  de  l'État,  sous  le  régime  des  règlements  com- 
muns à  tous  les  capitaux  déposés  par  la  dite  Société. 

3.  Le  prix  Kovalevsky  sera  décerné  tous  les  trois  ans,  à  partir 
de  1910.  Il  consistera  en  une  médaille  de  bronze  représentant  le 
portrait  de  A.  O.  Kovalevsky  et  en  une  somme  de  250  roubles  (=  625 
fr.).  En  même  temps,  le  lauréat  recevra  un  diplôme.  Le  prix  ne 
pourra  pas  être  divisé;  il  est  formé  des  arrérages  du  capital  initial. 
Si  les  arrérages  dépassent  250  roubles,  le  surplus  en  sera  versé  au 
capital  de  la  fondation,  ainsi  que  les  donations  faites  après  la  publi- 
cation de  ce  règlement. 

4.  Au  cas  où  le  prix  ne  serait  pas  décerné,  la  somme  de  250 
roubles  sera  ajoutée  au  capital  initial. 

5.  A  mesure  de  l'accroissement  du  capital  initial,  le  montant  du 
prix  pourra  être  élevé,  ou  bien  de  nouveaux  prix  pourront  être  créés 
sur  la  décision  de  la  section  de  zoologie  et  physiologie  et  sur  la  ratifi- 
cation de  l'assemblée  générale  de  la  Société  Impériale  des  Naturalistes 
de  Saint-Pétersbourg. 

6.  Pourront  concourir  au  prix  Kovalevsky  les  travaux  originaux 
de  morphologie  (anatomie  comparée  et  embryologie)  des  Invertébrés. 
Ces  travaux  pourront  être  écrits  en  russe,  français,  allemand,  anglais 
ou  italien  ;  ils  devront  avoir  été  publiés  au  courant  des  trois  années 
précédant  la  clôture  du  concours.  Les  manuscrits  ne  sont  pas  admis 
au  concours. 

7.  Les  travaux  ayant  déjà  obtenu  un  prix  quelconque  ne  pour- 
ront pas  concourir. 
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8.  L'annonce  du  concours  et  la  communication  de  ce  règlement 
seront  faites  au  Congrès  International  de  Zoologie  et  seront  publiées. 

9.  L'admission  des  travaux  au  concours  sera  close  un  an  avant 
la  proclamation  des  résultats  du  concours  par  le  Congrès  International 
de  Zoologie. 

10.  Les  travaux  devront  être  présentés  par  leurs  auteurs  à  la 
Société  Impériale  des  Naturalistes  de  Saint-Pétersbourg. 

IL  A  la  première  réunion  qui  suivra  la  clôture  du  concours,  la 
section  de  zoologie  et  de  physiologie  constituera  un  comité  de  trois 
membres,  qui  sera  chargé  de  juger  les  travaux  présentées  au  con- 
cours. Ce  comité  sera  complété  par  trois  membres  élus  par  le  Congrès 
International  de  Zoologie. 

12.  Les  membres  du  comité  auront  le  droit  de  s'adresser  à  des 
spécialistes,  parmi  les  savants  russes  et  étrangers,  pour  le  jugement 
des  travaux  présentés. 

13.  En  dehors  des  travaux  présentés  par  les  auteurs  eux-mêmes, 
les  membres  de  la  commission  auront  le  droit  de  présenter  au  concours 
des  ouvrages  choisis  par  eux. 

14.  La  décision  du  comité  sera  prise  à  la  majorité  des  voix;  dans 
le  cas  où  celles-ci  se  diviseraient  en  parties  égales,  la  voix  du  président 
sera  prépondérante. 

15.  La  décision  motivée  de  la  commission  sera  ratifiée  par  le 
Conseil  de  la  Société,  puis  communiquée  à  la  première  assemblée 
annuelle  de  la  Société  et  au  premier  Congrès  International  de  Zoologie 
qui  suivront  le  jugement  du  concours. 

16.  Les  rapports  sur  les  travaux  qui  auront  reçu  le  prix  seront 
publiés  dans  les  comptes-rendus  des  séances  de  la  Société  et  dans  ceux 
du  Congrès  International  de  Zoologie.  Les  rapports  sur  les  travaux 
qui  n'auront  pas  reçu  de  prix  seront  détruits. 

17.  Les  prix  seront  remis  à  leurs  auteurs  ou  aux  héritiers  de 
ceux-ci,  mais  non  aux  éditeurs  des  travaux  récompensés. 

18.  La  présent  règlement  ne  pourra  être  modifié  que  par  une 
décision  de  la  section  de  zoologie  et  physiologie,  ratifiée  par  l'assem- 
blée générale  de  la  Société  Impériale  des  Naturalistes  de  Saint- 
Pétersbourg.  Les  modifications  devront  être  communiquées  au 
Congrès  international  de  Zoologie.  Le  nom  du  prix  et  son  objet 
resteront  immuables  à  perpétuité. 

Comme  on  le  voit,  la  Société  Impériale  des  Naturalistes  de  Saint- 
Pétersbourg  fonde  un  prix  triennal  de  625  francs;  elle  entend  se 
réserver  le  droit  de  désigner  le  lauréat,  suivant  des  conditions  spéci- 
fiées plus  haut,  sans  que  le  Congrès  International  de  Zoologie  ait  rien 
à  y  voir.  Le  nom  du  lauréat  sera  communiqué  au  Congrès,  qui  le 
proclamera  dans  l'une  de  ses  séances  générales. 

Le  Comité  permanent,  après  en  avoir  déUbéré,  est  d'avis  d'ap- 
prouver le  règlement  proposé  par  la  Société  Impériale  des  NaturaUstes 
de  Saint-Pétersbourg;    il   applaudit   à  la  généreuse  détermination 
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prise  par  cette  savante  Compagnie;  il  constate  avec  un  sentiment 
de  vive  satisfaction  et  de  reconnaissance  que  le  Congrès  aura  dé- 
sormais à  décerner  trois  prix,  qui  tous  trois  sont  fondés  par  les 
zoologistes  russes;  il  adresse  à  ces  derniers  ses  plus  sincères  félicita- 
tions. Il  ne  doute  pas  un  seul  instant  que  le  Congrès  tout  entier  ne 
partage  ces  sentiments. 

Au  texte  qui  précède,  le  Comité  permanent  demande  qu'il  soit  fait 
une  seule  modification,  à  savoir,  que  la  dernière  phrase  de  l'article 
11  soit  rédigée  comme  suit: 

"  Ce  Comité  sera  complété  par  trois  membres  choisis  parmi  les 
membres  de  la  Commission  internationale  des  prix  du  Congrès  In- 
ternational de  zoologie  et  désignés  par  la  Commission  elle-même." 

Une  telle  modification  ne  change  rien  d'essentiel  aux  dispositions 
adoptées  par  la  Société  Impériale  des  Naturalistes  de  Saint-Péters- 
bourg; elle  a  l'avantage  de  préciser  le  rôle  du  Congrès  et  de  faire 
intervenir,  dans  le  jugement  du  concours,  une  Commission  déjà  con- 
stituée dans  ce  but  et  à  laquelle  une  semblable  fonction  revient  de 
droit.  Nous  pensons  que  la  Société  Impériale  des  Naturalistes  n'élè- 
vera aucune  objection  contre  le  changement  que  nous  vous  proposons 
d'apporter  aux  statuts  du  prix  A.  O.  Kovalevsky. 

—  Les  conclusions  de  ce  rapport  sont  mises  aux  voix  et  adoptées 
à  l'unanimité. 


REPORT  OF  INTERNATIONAL  COMMISSION  ON 
ZOÔLOGICAL  NOMENCLATURE 

C.   W.   STILES 

DxjRiNG  the  Boston  meeting  of  the  International  Zoôlogical 
Congress  the  International  Commission  on  Zoôlogical  Nomencla- 
ture  held  two  executive  sessions  and  one  public  meeting. 

The  foUowing  eiglit  members  of  the  Commission  were  présent: 
Blanchard  (Président),  von  Graff,  Hoyle,  Jordan,  Osborn,  Stejneger, 
Studer,  and  Stiles  (Secretary). 

The  following  seven  members  were  not  in  attendance:  Daut- 
zenberg,  Horst,  Jentink,  Joubin,  INIœhrenthal  (Secretary),  Schulze, 
and  Wright. 

At  the  executive  sessions,  the  Commission  decided  to  recom- 
mend  certain  propositions  for  adoption  into  the  Code,  and  in  addi- 
tion rendered  certain  opinions. 

The  report  of  the  Commission  (see  p.  36)  was  read  at  the  second 
open  session  of  the  Congress  and  upon  request  of  the  Commission 
was  tabled  until  the  last  session,  in  order  to  give  members  of  the 
Congress  an  opportunity  to  présent  any  objections  they  might  hâve 
to  the  propositions  recommended. 

In  the  second  open  session  of  the  Congress  the  following  were 
nominated  as  members  of  the  Commission  to  form  the  Class  of 
1916,  rendered  necessary  by  the  expiration  of  the  term  of  service 
of  the  Class  of  1907:  F.  A.  Jentink  (Leyden),  F.  E.  Schulze  (Berlin), 
David  Starr  Jordan  (Palo  Alto,  Calif.),  L.  Stejneger  (Washington), 
and  F.  S.  Monticelli  (Naples). 

Upon  motion,  the  nominations  were  confirmed. 

In  the  open  meeting  of  the  Commission  the  Report  (see  p.  36) 
was  again  read,  seriatim,  and  various  sections  were  discussed.  No 
objection,  however,  was  raised  to  any  point  advanced. 

In  the  final  open  session  of  the  Congress  the  Commission  re- 
quested  the  confirmation  of  its  report.  In  connection  with  this 
request  the  Secretary  (Stiles)  stated  that  the  provisions  of  the  Code 
with  the  amendments  proposed  by  the  Commission  would  operate 
to  adjust  satisfactorily  to  90  per  cent,  of  ail  zoôlogists  approximately 
90  per  cent,  of  ail  cases  that  arise  ;  that  the  Commission  would  con- 
tinue its  work,  and  stands  ready  to  render  opinions  on  interpréta- 
tion of  the  Code  as  applied  to  intricate  and  obscure  cases;  that  a 
resolution  had  been  referred  to  the  Commission  requesting  the  prép- 
aration of  a  check-list  of  ail  known  animais  of  the  world,  giving  the 
correct  name  of  each.    While  practical,  especially  financial,  considéra- 
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lions  preclude  the  undertaking  of  such  a  work  at  this  time,  the 
Commission  has  under  advisement  a  plan  of  applying  the  provisions 
of  the  Code  to  the  names  of  the  more  common  and  better  known 
animais  of  the  world,  and  of  publishing  results  in  the  form  of  a  list 
of  several  thousand  such  approved  names,  with  a  request  to  zoôlo- 
gists  that  no  proposition  for  change  of  any  name  in  said  list  be  pub- 
lished  until  such  proposition  together  with  the  reasons  therefor  shall 
hâve  been  submitted  to  the  Commission,  and  shall  hâve  received 
its  sanction  under  the  Code. 

Upon  the  motion  of  Gill  (Washington),  seconded  by  Allen  (New 
York),  the  report  of  the  Commission  was  unanimously  adopted. 

REPORT 

*  The  International  Commission  on  Zoôlogical  Nomenclature  has 
the  honor  to  submit  the  foUowing  report  to  the  Seventh  International 
Zoôlogical  Congress: 

The  Sixth  International  Congress  referred  to  the  Commission  for 
considération  and  report  a  paper  (presented  to  that  Congress)  urging 
that  "absolute  priority"  be  adopted  in  the  law  of  priority,  instead  of 
taking  1758  as  a  starting  point  for  zoôlogical  nomenclature. 

While  appreciating  the  sentiments  which  gave  rise  to  the  proposi- 
tion in  question,  your  Commission  is  unanimously  of  the  opinion 
that  both  practical  and  theoretical  considérations  contravene  the 
adoption  of  "absolute  priority"  in  préférence  to  the  date  1758. 
Accordinglv,  it  is  herewith  recommended  that  article  26  of  the  code 
be  not  changed  in  respect  to  the  point  at  issue. 

During  the  past  three  years  several  zoologists  hâve  submitted 
to  the  Commission  propositions  for  amendments  or  additions  to  the 
code.  Jn  accordance  with  the  rule  established  by  the  Cambridge 
Congress,  a  number  of  thèse  propositions  could  not  be  considered 
formally,  because  they  did  not  reach  the  Commission  at  least  one 
year  prior  to  the  meeting  of  the  présent  Congress. 

In  its  délibérations  the  Commission  decided  to  report  to  the 
Congress  only  those  propositions  upon  which  the  vote  in  commission, 
as  assemblée!  hère,  was  imanimous.  The  foUowing  propositions  are 
unanimously  recommended  for  adoption: 

Add  to  Art.  8  the  foUowing: 

Recommendation.  —  Certain  biological  groups  which  hâve  been  proposée! 
distinctly  as  collective  groups,  not  as  systematic  units,  may  be  treated  for  con- 
venience  as  if  they  were  gênera,  but  they  require  no  type  species.  Examples: 
Agamodistomum,  Amphistomulum,  Agamofilaria,  Agamomermis,  Sparganum. 

Add  to  Art.  14  the  foUowing: 

Recommendation.  —  It  is  well  to  avoid  the  introduction  of  the  names 
typicus  and  tijjnis  as  ncw  names  for  species  or  subspecies,  since  thèse  names  are 
always  liable  to  resuit  in  later  confusion. 
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Add  to  Art.  20  the  following: 

Recommendation.  —  In  proposing  new  names  based  upon  personal  names 
which  are  written  sometimes  with  ii,  ô  or  û,  at  othei;  times  with  a),  œ  and  ue, 
it  is  recommended  that  authors  adopt  se,  œ  and  ue.  Example  ;  muelleri  in  préf- 
érence to  mûlleri. 

Add  to  Art.  29  : 

Recommendation. — To  facilitate  référence,  it  is  recommended  that  when 
an  older  species  is  taken  as  type  of  a  new  genus,  its  name  should  be  actually 
combined  with  the  new  generic  name,  in  addition  to  citing  it  with  the  old  generic 
name.  Exaraple:  Gilbertella  Eigenmann,  1903,  Smithsonian  Mise.  Coll.,  v.  45, 
p.  147,  type  Gilbertella  alata  (Steindachner)  =  Anacyrtus  alatus  Steindachner. 

Strike  ont  the  entire  Art.  30  (dealing  with  the  désignation  of  type 
species  of  gênera)  and  substitute  therefor  the  following  : 

Art.  30.  —  The  désignation  of  type  species  of  gênera  shall  be  governed  by 
the  following  rules  (a-g),  applied  in  the  following  order  of  precedence: 

I.  Cases  in  which  the  generic  type  is  accepted  solely  upon  basis  of  the  original 
publication  — 

(a)  When,  in  the  original  publication  of  a  genus,  one  of  the  species  is  definitely 
designated  as  type,  this  species  shall  be  accepted  as  type  regardless  of  any  other 
considérations.     (Type  by  original  désignation.) 

(b)  If,  in  the  original  publication  of  a  genus,  typicus  or  typiis  is  used  as  a  new 
spécifie  name  for  one  of  the  species,  such  use  shall  be  construed  as  "type  by 
original  désignation." 

(c)  A  genus  proposed  with  a  single  original  species  takes  that  species  as  its 
type.     (Monotypical  gênera.) 

(d)  If  a  genus,  without  originally  designated  (see  a)  or  indicated  (see  b) 
tj^pe,  contains  among  its  original  species  one  possessing  the  generic  name  as  its 
spécifie  or  subspecific  name,  either  as  valid  name  or  synonym,  that  species  or 
subspecies  becomes  ipso  facto  type  of  the  genus.     (Type  by  absolute  tautonymy.) 

IL  Cases  in  which  the  generic  type  is  accepted  not  solely  upon  basis  of  the 
original  publication  — 

(e)  The  following  species  are  excluded  from  considération  in  selecting  the 
types  of  gênera  : 

(a)  Species  which  were  not  included  under  the  generic  name  at  the  time  of 
its  original  publication. 

()8)  Species  which  were  species  inquirendœ  from  the  standpoint  of  the  author 
of  the  generic  name  at  the  tjme  of  its  publication. 

(7)  Species  which  the  author  of  the  genus  doubtfully  referred  to  it. 

(/)  In  case  a  generic  name  without  originally  designated  type  is  proposed 
as  a  substitute  for  another  generic  name,  with  or  without  type,  the  type  of  either, 
when  established,  becomes  ipso  facto  type  of  the  other. 

{g)  If  an  author,  in  publishing  a  genus  with  more  than  one  valid  species, 
fails  to  designate  (see  a)  or  to  indicate  (see  b,  d)  its  type,  any  subséquent  author 
may  sélect  the  type,  and  such  désignation  is  not  subject  to  change.  (Type  by 
subséquent  désignation.) 

The  meaning  of  the  expression  "sélect  a  type"  is  to  be  rigidly  construed. 
Mention  of  a  species  as  an  illustration  or  example  of  a  genus  does  not  constitute 
a  sélection  of  a  tj^pe. 

III.  Recommendations.  —  In  selecting  types  by  subséquent  désignation, 
authors  will  do  well  to  govern  themselves  by  the  following  recommendations: 

(J\)  In  case  of  Linnaean  gênera,  sélect  as  type  the  most  common  or  the  médi- 
cinal species.     (Linnaean  rule,'  1751.) 

(i)  If  a  genus,  without  designated  type,  contains  among  its  original  species 
one  possessing  as  a  spécifie  or  subspecific  name,  either  as  valid  name  or  synonym, 
a  name  which  is  virtually  the  same  as  the  generic  name,  or  of  the  same  origin 

^  Si  genus  receptum,  secundum  jus  naturse  et  artis,  in  plura  dirimi  débet, 
tum  nomen  antea  commune  manebit  vulgatissimse  et  ofEcinali  plantae. 
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or  same  meaning,  préférence  should  be  shown  to  that  species  in  designating  the 
type,  unless  such  préférence  is  strongly  contraindicated  by  other  factors.  (Type 
by  virtual  tautonomy.)  Examples:  Bas  taurus,  Equus  caballus,  Ovis  aries, 
Scomber  scombrus,  Sphœrostoma  globiporum,  ;  contraindicated  in  Dipetalonema 
(compare  species  Filaria  dipetala,  of  which  only  one  sex  was  described,  based 
upon  one  spécimen  and  net  studied  in  détail). 

(y)  If  the  genus  contains  both  exotic  and  non-exotic  species  from  the  stand- 
point  of  the  original  author,  the  type  should  be  selected  from  the  non-exotic 
species. 

(k)  If  some  of  the  original  species  hâve  later  been  classified  in  other  gênera, 
préférence  should  be  shown  to  the  species  still  remaining  in  the  original  genus. 
(Type  by  élimination.) 

(l)  Species  based  upon  sexually  mature  spécimens  should  take  precedence 
over  species  based  upon  larval  or  immature  forms. 

(m)  Show  préférence  to  species  bearing  the  name  communis,  vulgaris,  medi- 
cinalis,  or  officinalis. 

(n)  Show  préférence  to  the  best  described,  best  figured,  best  known,  or 
most  easily  obtainable  species,  or  to  one  of  which  a  type  spécimen  can  be  obtained. 

(o)  Show  préférence  to  a  species  which  belongs  to  a  group  containing  as 
large  a  number  of  the  species  as  possible.  '  (De  Candolle's  rule.) 

{p}  In  parasitic  gênera,  sélect,  if  possible,  a  species  which  occurs  in  man  or 
some  food  animal,  or  in  some  very  common  and  wide-spread  host-species. 

(q)  Ail  other  things  being  equal,  show  préférence  to  a  species  which  the 
author  of  the  genus  actually  studied  at  or  before  the  time  lie  proposed  the  genus. 

(r)  In  case  of  writers  who  habitually  place  a  certain  leading  or  typical  species 
first  as  "chef  de  file,"  the  others  being  described  by  comparative  référence  to 
this,  this  fact  should  be  considered  in  the  choice  of  the  type  species. 

(.s)  In  case  of  those  authors  who  hâve  adopted  the  "first  species  rule"  in 
fixing  generic  types,  the  first  species  named  by  them  should  be  taken  as  types 
of  their  gênera. 

(0  AU  other  things  being  equal,  page  precedence  should  obtaiu  in  selecting 
a  type. 

Opinions  Rendered  by  the  Commission.  —  In  response  to 
certain  questions,  especially  in  référence  to  the  Law  of  Priority  (Art. 
25)  and  its  application  (Art.  26),  submitted  for  considération,  the 
Commission  herewith  unanimously  renders  the  follovving  opinions: 

(1)  The  meaning  of  fhe  ivord  "  indication  "  in  Art.  25  a.  —  The  word 
"  indication"  in  Art.  25  a  is  to  be  construed  as  follows: 

(^4)  with  regard  to  spécifie  names,  an  ^'indication"  is  (1)  a  bib- 
liographie référence,  or  (2)  a  published  figure  (illustration),  or  (3)  a 
definite  citation  of  an  earlier  name  for  which  a  new  name  is  proposed. 

{B)  with  regard  to  generic  names,  (1)  a  bibliographie  référence, 
or  (2)  a  definite  citation  of  an  earlier  name  for  which  a  new  name 
is  proposed,  or  (3)   the  citation  or  désignation  of  a  type  species. 

In  no  case  is  the  word  "  indication  "  to  be  construed  as  including 
muséum  labels,  muséum  spécimens  or  vernacular  names. 

(2)  The  Nature  of  a  Systematic  Name.  —  The  Commission  is  unan- 
imously of  the  opinion  that  a  name  in  the  sen.se  of  the  Code,  refers 
to  the  désignation  by  which  the  actual  objects  are  known.  In  other 
words,  we  name  the  objects  themselves,  not  our  conception  of  said 
objects.  Names  based  upon  hypothetical  forms  hâve,  therefore,  no 
status  in  nomenclature  and  are  not  in  any  way  entitled  to  considéra- 
tion under  the  law  of  priority.  Exanij)les:  Pithccanthropus  Haeckel, 
18GG,  being  the  name  of  an  hypothetical  genus,  has  no  status  under 
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the  Code  and  does  not  therefore  invalidate  Pithecanthropus  Dubois, 
1894;  Gigantopora  minuta  Looss,  1907,  n.  g.,  n.  sp.,  has  no  status 
under  the  Code,  since  it  is  admittedly  the  name  of  a  fantastic  unit, 
not  based  upon  any  actual  objects. 

(3)  The  Status  of  Publications  Dated  1758.  — The  tenth  édition  of 
Linné's  Systema  Naturœ  was  issued  very  early  in  the  year  1758. 
For  practical  reasons,  this  date  may  be  assumed  to  be  January  1, 
1758,  and  any  other  zoôlogical  pubHcation  bearing  the  date  1758 
may  be  construed  as  having  appeared  subséquent  to  January  1.  In 
so  far  as  the  date  is  concerned,  ail  such  publications  may  therefore 
be  construed  as  entitled  to  considération  under  the  law  of  priority. 

(4)  Status  of  Certain  Names  Published  as  Manuscript  Names.  — 
Manuscript  names  acquire  standing  in  nomenclature  when  printed 
in  connection  with  the  provisions  of  Art.  25,  and  the  question  as  to 
their  validity  is  not  influenced  by  the  fact  whether  such  names  are 
accepted  or  rejected  by  the  author  responsible  for  their  publication. 

(5)  Status  of  Certain  Pre-Linnœan  Names  Reprinted  Subséquent  to 
1757.  —  A  pre-Linnsean  name,  inéligible  because  of  its  publication 
prior  to  1758,  does  not  become  eligible  simply  by  being  cited  or 
reprinted  with  its  original  diagnosis  after  1757.  To  become  eligible 
under  the  Code,  such  names  must  be  reinforced  by  adoption  or  accept- 
ance  by  the  author  publishing  the  reprint.  Examples  :  The  citation, 
subséquent  to  1757,  of  a  bibliographie  référence  to  a  paper  published 
prior  to  1758  does  not  establish  technical  names  which  may  appear 
in  said  référence;  synonymie  citation  of  pre-Linnœan  names,  as  in 
the  tenth  édition  of  Linné's  Systema  Naturœ,  does  not  establish  such 
names  under  the  Code. 


REGLES  INTERNATIONALES  DE  LA  NOMENCLATURE  ZOOLOGIQUE 

Adoptées  par  les  Congrès  Internationaux  de  Zoologie:  Paris,  1889; 
Moscow,  i59^;  Leyden,  i595;  Cambridge,  i59S;  Berhn,  i90i; 
Berne,  190^;  Boston,  1907 

INTERNATIONAL   RULES    OF   ZOÔLOGICAL   NOMENCLATURE 

INTERNATIONALE   REGELN   DER   ZOOLOGISCHEN   NOMENKLATUR 

General  Considérations 

Article  1.  Zoôlogical  nomenclature  is  independent  of  botanicai 
nomenclature  in  the  sensé  that  the  name  of  an  animal  is  not  to  be 
rejected  simply  because  it  is  identical  with  the  name  of  a  plant.  If, 
however,  an  organism  is  transferred  from  the  vegetable  to  the  animal 
kingdom,  its  botanical  names  are  to  be  accepted  in  zoôlogical  nomen- 
clature with  their  original  botanical  status;    and  if  an  organism  is 
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transferred  from  the  animal  to  the  vegetable  kingdom,  its  names  retain 
their  zoôlogical  status. 

Recommendation.  —  It  is  well  to  avoid  introducing  into  zoôlogy  as  generic 
names  such  names  as  are  in  use  in  botany. 

Art.  2.  The  scientific  desig-nation  of  animais  is  uninominal  for 
subgenera  and  ail  higher  groups,  binominal  for  species,  and  tri- 
nominal  for  subspecies. 

Art.  3.  The  scientific  names  of  animais  must  be  words  which 
are  either  Latin  or  Latinized,  or  considered  and  treated  as  such  in 
case  they  are  not  of  classic  origin. 

Family  and  Subfamily  Names 

Art.  4.  The  name  of  a  family  is  formed  by  adding  the  ending 
idœ,  the  name  of  a  subfamily  by  adding  iiiœ,  to  the  root  of  the  name 
of  its  type  genus. 

Art.  5.  The  name  of  a  family  or  subfamily  is  to  be  changed  when 
the  name  of  its  type  genus  is  changed. 

Generic  and  Subgeneric  Names 

Art.  6.  Generic  and  subgeneric  names  are  subject  to  the  same 
rules  and  recommendations,  and  from  a  nomenclatural  standpoint 
they  are  coordinate —  that  is,  they  are  of  the  same  value. 

Art.  7.  A  generic  name  becomes  a  subgeneric  name,  when  the 
genus  so  named  becomes  a  subgenus,  and  vice  versa. 

Art.  8.  A  generic  name  must  consist  of  a  single  word,  simple 
or  compound,  written  with  a  capital  initial  letter,  and  employed  as 
a  substantive  in  the  nominative  singular.  Examples:  Canis,  Perça, 
Ceratodus,  Hymenolepis. 

RECOMjrENDATioNS.  — The  foUowing  words  may  be  taken  as  generic  names: 

a.  Greek  substantives,  for  which  the  rules  of  Latin  transcription  (see  Appen- 
dbc  F)  should  be  followed.  Examples:  Ancylus,  Arnphibola,  Aplysia,  PompJio- 
lyx,  Physa,  Cylichna. 

b.  Compound  Greek  words,  in  which  the  attributive  should  précède  the 
principal  word.  Examples:  Stenogyra,  Pleurobranchus,  Tylodina,  Cyclostomum, 
Sarcocystis,  Pelodytes,  Hydrophilus,  lihizobius. 

This  does  not,  however,  exclude  words  formed  on  the  model  of  Hippopota- 
miis,  namely,  words  in  which  the  attributive  follows  the  principal  word.  Ex- 
amples: Philydrus,  Biorhiza. 

c.  Latin  substantives.  Examples:  Ancilla,  Auricula,  Dolium,  Harpa,  Oliva. 
Adjectives  (Prasina)  and  past  participles  (Prnductus)  are  not  recommended. 

d.  Compound  Latin  words.     Examples:    Stiliger,  Dolahrifer,  Semifusiis. 

e.  Greek  or  Latin  derivatives  expressing  diminution,  comparison,  resem- 
blance,  or  possession.  Examples:  Dolium,  Doliolum;  Strongylus,  Eustrongylus ; 
lÂmax,  Limarclla,  Limacia,  Limacina,  Limacites,  Limacula;  Lingula,  Lingulella, 
Lingulepis,  Lingulina,  Lingidops,  Ldngidopsis  ;  Neomenia,  Proneomenia  ;  Buteo, 
Archibuteo  ;    Gordius,  Paragordius ,  Polygordius. 

f.  Mythological    or    heroic    names.      Examples:     Osiris,    Venus,    Brisinga, 
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Velleda,  Crimora.    If  not  Latin,  thèse  should  be  given  a  Latin  termination  (Aegi- 
rus,  Gôndulia). 

g.  Proper  names  used  by  the  ancients.  Examples:  Cleopatra,  Belisarius, 
Melania. 

h.  Modem  patronymics,  to  which  is  added  an  ending  to  dénote  dedication  : 
a.  Names  terminating  with  a  consonant  take  the  ending  iiis,  ia,  or  ium.. 

Examples:     Selysius,    Lamarckia,    Kôllikeria,    Miilleria,    Stàlia,    Krcpyeria, 

Ibahezia. 

/3.  Names  terminating  with  the  vowels,  e,  i,  o,  u,  or  y  take  the  ending  us, 

a,   or  um.     Examples:     Blainvillea,    Wyvillea,   Cavolinia,   Fatioa,  Bernaya, 

Quoya,  Schidzea. 

7.  Names  terminating  with  a  take  the  ending  ia.     Example:    Danaia. 
5.  In  generic  names  formed  from  patronymics,  the  particles  are  omitted 

if  not  coalesced  with  the  name,  but  the  articles  are  retalned.     Examples: 

Blainvillea,  Benedenia,  Chiajea,  Lacepedea,  Dumerilia. 

e.  With  patronymics  consisting  of  two  words,  only  one  of  thèse  is  used 

in  the  formation  of  a  generic  name.     Examples:    Selysius,  Targionia,  Ed- 

wardsia,  Duthiersia. 

t.  The  use  of  proper  names  in  the  formation  of  compound  generic  names 

is   objectionable.      Examples:     Eugrimmia,    Buchiceras,   Heromorpha,    Mô- 

biusispongia. 

i.  Names  of  ships  which  should  be  treated  the  same  as  mythological  names 
(.Vega)  or  as  modem  patronymics.    Examples  :   Blakea,  Hirondellea,  Challengeria. 

j.  Barbarous  names,  that  is,  words  of  nonclassic  origin.  Examples:  Vani- 
koro,  Chilosa.  Such  words  may  receive  a  Latin  termination.  Examples  :  Yetus, 
Fossarus. 

k.  Words  formed  by  an  arbitrary  combination  of  letters.  Examples:  Neda, 
Clanculus,  Salifa,  Torix. 

l.  Names  formed  by  anagram.     Examples:  Dacelo,  Verlusia,  Linospa. 

m.  Certain  biological  groups  which  hâve  been  proposed  distinctly  as  col- 
lective groups,  not  as  systematic  units,  may  be  treated  for  convenience  as  if 
they  were  gênera,  but  they  require  no  type  species.  Examples  :  Agamodistomum, 
Amphistomulum,  Agamofilaria,  Agamomermis,  Sparganum. 

Art.  9.  If  a  genus  is  divided  into  subgenera,  the  name  of  the 
typical  subgenus  must  be  the  same  as  the  name  of  the  genus  (see 
Art.  25). 

Art.  10.  Wlien  it  is  desired  to  cite  the  name  of  a  subgenus,  this 
name  is  to  be  placed  in  parenthèses  between  the  generic  and  the 
spécifie  names.     Example:  Vanessa  (Pyrameis)  cardui. 


Specific  and  Subspecific  Names 

Art.  11.  Specific  and  subspecific  names  are  subject  to  the  same 
rules  and  recommendations,  and  from  a  nomenclatural  standpoint 
they  are  coôrdinate  —  that  is,  they  are  of  the  same  vahie. 

Art.  12.  A  specific  name  becomes  a  subspecific  name  when 
the  species  so  named  becomes  a  subspecies,  and  vice  versa. 

Art.  13.  While  specific  substantive  names  derived  from  names 
of  persons  may  be  written  with  a  capital  initial  letter,  ail  other  specific 
names  are  to  be  written  with  a  small  initial  letter.  Examples  :  Rhizo- 
stoma  Cuvieri  or  Rh.  cuvieri,  Francolinus  Lucani  or  F.  lucani,  Hypo- 
derma  Diana  or  H.  diana,  Laophonte  Mohammed  or  L.  mohammed, 
Œstrus  ovis,  Corvus  corax. 

Art.  14.   Specific  names  are: 
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o.  Adjectives,  which  must  agrée  grammatically  with  the  generic 
name.     Example:  Felis  marmorata. 

h.  Substantives  in  the  nominative  in  apposition  with  the  generic 
name.     Example  :  Felis  leo. 

c.  Substantives  in  the  genitive.  Examples  :  rosœ,  sturionis,  antil- 
larum,  galliœ,  sancti-pauli,  sanctœ-helenœ. 

If  the  name  is  given  as  a  dedication  to  one  or  several  persons,  the 
genitive  is  formed  in  accordance  with  the  rules  of  Latin  declination 
in  case  the  name  was  employed  and  declined  in  Latin.  Examples: 
Plinii,  Aristotelis,  Vidoris,  Antonii,  Elisabethœ,  Pétri  (given  name). 

If  the  name  is  a  modem  patronymic,  the  genitive  is  always  formed 
by  adding,  to  the  exact  and  complète  name,  an  i  if  the  person  is  a 
man,  or  an  œ  l'f  the  person  is  a  woman,  even  if  the  name  lias  a  Latin 
form;  it  is  placed  in  the  plural  if  the  dedication  involves  several  per- 
sons of  the  same  name.  Examples  :  Cuvieri,  Môbiusi,  Nunezi,  Meri- 
anœ,  Sarasinorum,  Bosi  (not  Bovis),  Salmoni  (not  Salmonis). 

Recommendations.  —  The  best  spécifie  name  is  a  Latin  adjective,  short, 
euphonie,  and  of  easy  pronunciation.  Latinized  Greek  words  or  barbarous 
words  may,  however,  be  used.  Examples:  gymnoceplmlus,  echinococcus,  ziczac, 
aguti,  hoactli,  uruhitinga. 

It  is  well  to  avoid  the  introduction  of  the  names  typicus  and  typus  as  new 
names  for  species  or  subspecies,  since  thèse  names  are  always  liable  to  resuit  in 
later  confusion. 

Art.  15.  The  use  of  compound  proper  names  indicating  dedica- 
tion, or  of  compound  words  indicating  a  comparison  with  a  simple 
object,  does  not  form  an  exception  to  Art.  2.  In  thèse  cases  the  two 
words  composing  the  spécifie  name  are  written  as  one  word  with 
or  without  the  hyphen.  Examples:  Sanctœ-Catharinœ  or  sandœ- 
catharinœ,  Jan-Mayeni  or  janmayeni,  cornu-pastoris  or  cornupastoris, 
cor-an guinum  or  coranguimim,  cedo-nulli  or  cedonulli. 

Expressions  like  rudis  planusque  are  not  admissible  as  spécifie 
names. 

Art.  16.  Géographie  names  are  to  be  given  as  substantives  in 
the  genitive,  or  are  to  be  placed  in  an  adjectival  form.  Examples: 
sancti-pauli,  sanciœ-helenœ ,  edivardiensis,  diemenensis,  magellanicuSj 
hurdigalensis,  vindobonensis. 

Recommendation.  —  Géographie  names  used  by  the  Romans  or  by  Latin 
writers  of  the  middle  âges  are  to  be  adopted  in  préférence  to  more  récent  forms. 
Words  like  bordeausiacus  and  viennensis  are  poor,  but  are  not  to  be  rejected  on 
this  account. 

Art.  17.  If  it  is  desired  to  cite  the  subspecific  name,  such  name 
is  written  immediately  following  the  spécifie  name,  without  the  inter- 
position of  any  mark  of  punctuation.  Example:  Rana  esculenta 
marmorata  Hallowell,  but  not  Rana  esculenta  {marmorata)  or  Rana 
martmmUa  Hallowell. 

Art.  18.   The  notation  of  hybrids  may  be  given  in  several  ways; 
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in  ail  cases  the  name  of  the  maie  parent  précèdes  that  of  the  female 
parent,  with  or  without  the  sexual  signs  : 

a.  The  names  of  the  two  parents  are  united  by  the  sign  of  multi- 
plication (X).  Example:  Capra  hircus  S  X  Ovis  aries  9  and 
Capra  hircus  X  Ovis  aries  are  equally  good  formulœ. 

b.  Hybrids  may  also  be  cited  in  form  of  a  fraction,  the  maie  parent 
forming   the   numerator   and    the   female   parent   the   denominator. 

Example:      ^ . -. — .    This  second  method  is  in  so  far  préférable 

Ovis  aries 

that  it  permits  the  citation  of  the  person  who  first  published  the 

,    ,    . ,  „  I       T-i  I       Bernicla  canadensis  ^^   ,  , 

hybrid  lorm  as  such.    Example:   — — •  Kabe. 

Anser  cygnoiaes 

c.  The  fractional  form  is  also  préférable  in  case  one  of  the  parents 

.    .,    ,»      1    1    . 1      -n  1        Tetrao  teirix  X  Tetrao  uroqallus      ^ 

18  itseli  a  nybnd.     Example:    ——-, r^ --^ .     In 

Gailus  gaUus 

the  latter  case,  however,  parenthèses  may  be  used.    Example:   (^Te- 
trao tetrix  X  Tetrao  urogallus)  X  Gailus  gailus. 

d.  When  the  parents  of  the  hybrid  are  not  known  as  such  [par- 
ents], the  hybrid  takes  provisionally  a  spécifie  name,  the  same  as  if 
it  were  a  true  species,  namely,  as  if  it  were  not  a  hybrid;  but  the 
generic  name  is  preceded  by  the  sign  of  multiplication.  Example  :  X 
Coregonus  dolosus  Fatio. 

Formation,   Dérivation,   and   Orthography  of  Zoological 

Names 

Art.  19.  The  original  orthography  of  a  name  is  to  be  preserved 
unless  an  error  of  transcription,  a  lapsus  calami,  or  a  typographical 
error  is  évident. 

Recommendation.  —  For  scientific  names  it  is  advisable  to  use  some  other 
type  than  that  used  for  the  text.  Example:  Rana  esculenta  Linné,  1758,  lives 
in  Europe. 

Art.  20.  In  forming  names  derived  from  languages  in  which  the 
Latin  alphabet  is  used,  the  exact  original  spelling,  including  diacritic 
marks,  is  to  be  retained.  Examples  :  Selysius,  Lamarckia,  Kôlli- 
keria,  Mulleria,  Stâlia,  Kr<f>yeria,  Ihanezia,  Môbiusi,  Medici,  Czjzeki, 
spitzhergensis,  islandicus,  paraguayensis,  patagonicus,  barbadensis, 
fdrôensis. 

Recommendations.  —  The  préfixes  suh  and  pseudo  should  be  used  only  with 
adjectives  and  substantives,  sub  with  Latin  words,  pseudo  with  Greek  words, 
and  they  should  not  be  used  in  combination  with  proper  names.  Examples: 
subviridis,  subchelatus,  Pseudacanthus,  Pseudophis,  Pseudomys.  Words  like 
subuilsoni  and  pseudograteloupana  are  not  recommended. 

The  terminations  oides  and  ides  should  be  used  in  combination  only  with 
Greek  or  Latin  substantives  ;  they  should  not  be  used  in  combination  with  proper 
names. 

Géographie  and  patronymic  names  from  countries  which  hâve  no  recognized 
orthography  or  which  do  not  use  the  Latin  alphabet  should  be  transcribed  into 
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Latin  according  to  the  rules  adopted  by  the  Géographie  Society  of  Paris  (see 
Appendix  G). 

In  proposing  new  names  based  upon  personal  names  which  are  written  some- 
times  with  a,  ô,  or  û,  at  other  times  with  »,  œ,  or  ue,  it  is  recommended  that 
authors  adopt  as,  œ,  and  ue.     Example,  muelleri  in  préférence  to  mulleri. 

Author's  Name 

Aet.  21.  The  author  of  a  scientific  name  is  that  person  who  first 
piiblishes  the  name  in  connection  with  an  indication,  a  définition,  or 
a  description,  unless  it  is  clear  from  the  contents  of  the  pubhcation 
that  some  other  person  is  responsible  for  said  name  and  its  indica- 
tion, définition,  or  description. 

Art.  22.  If  it  is  desired  to  cite  the  author's  name,  this  should 
follow  the  scientific  name  without  interposition  of  any  mark  of  punc- 
tuation;  if  other  citations  are  désirable  (date,  sp.  n.,  emend.,  sensu 
stricto,  etc.),  thèse  follow  after  the  author's  name,  but  are  separated 
from  it  hy  a  comma  or  by  parenthèses.  Examples  :  Primates  Linné, 
1758,  or  Primates  Linné  (1758). 

Recommendation.  —  When  the  name  of  the  author  of  a  scientific  name  is 
abbreviated,  the  writer  will  do  well  to  conform  to  the  list  *  of  abbreviations 
publislied  by  the  Zoological  Muséum  of  Berlin. 

Art.  23.  When  a  species  is  transferred  to  another  than  the  original 
genus  or  the  spécifie  name  is  combined  with  any  other  generic  name 
than  that  with  which  it  was  originally  published,  the  name  of  the 
author  of  the  spécifie  name  is  retained  in  the  notation  but  placed  in 
parenthèses.  Examples:  Tœnia  lata  Linné,  1758,  and  Dibothrio- 
cephalus  latus  (Linné,  1758);  Fasciola  hepatica  Linné,  1758,  and 
Distoma  hepaticum  (Linné,  1758). 

If  it  is  desired  to  cite  the  author  of  the  new  combination,  his 
name  follows  the  parenthèses.  Example:  Limnatis  nilotica  (Savigny, 
1820)  Moquin-Tandon,  1826. 

Art.  24.  Wlien  a  species  is  divided,  the  restricted  species  to 
which  the  original  spécifie  name  of  the  primitive  species  is  attributed 
raay  receive  a  notation  indicating  l)oth  the  name  of  the  original  author 
and  the  name  of  the  reviser.  Example  :  Tœnia  solium  Linné,  partim, 
Goeze. 

The  Law  of  Priority 

Art.  25.  The  valid  name  of  a  genus  or  species  can  be  only  that 
name  under  which  it  was  first  designated  on  the  condition  : 

a.  That  this  name  was  published  and  accompanied  by  an  indi- 
cation, or  a  définition,  or  a  description;   and 

h.  That  the  author  lias  applied  the  principles  of  binary  nomen- 
clature. 

^  Liste  der  Autoren  zoologischer  Art-  und  Gattungsnamen  zusammen- 
gestellt  von  dcn  Zoologen  des  Muséums  fur  Naturkunde  in  Berlin.  Berlin,  2. 
vermehrte  Aufiage,  S",  1896. 
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Application  of  the  Law  of  Priority 

Art.  26.  The  tenth  édition  of  Linné's  Systema  natiirœ,  1758,  is 
the  work  which  inaugurated  the  consistent  gênerai  application  of 
the  binary  nomenclature  in  zoology.  The  date  1758,  therefore,  is 
accepted  as  the  starting  point  of  zoôlogical  nomenclature  and  of 
the  law  of  priority. 

Art.  27.  The  law  of  priority  obtains  and  consequently  the 
oldest  available  name  is  retained  : 

fl.  When  any  part  of  an  animal  is  named  before  the  animal  itself  ; 

h.  When  the  larva  is  named  before  the  adult; 

c.  When  the  two  sexes  of  an  animal  hâve  been  considered  as  dis- 
tinct species  or  even  as  belonging  to  distinct  gênera; 

d.  When  an  animal  represents  a  regular  succession  of  dissimilar 
générations  which  hâve  been  considered  as  belonging  to  différent 
species  or  even  to  différent  gênera. 

Art.  28.  A  genus  formed  by  the  union  of  two  or  more  gênera 
or  subgenera  takes  the  oldest  valid  generic  or  subgeneric  name  of  its 
components.  If  the  names  are  of  the  same  date,  that  selected  by  the 
first  reviser  shall  stand. 

The  same  rule  obtains  when  two  or  more  species  or  subspecies  are 
united  to  form  a  single  species  or  subspecies. 

Recommendation.  —  In  absence  of  any  previous  revision,  the  establish- 
ment of  precedence  by  the  f  oUowing  method  is  recommended  : 

(a)  A  generic  name  accompanied  by  spécification  of  a  type  has  precedence 
over  a  name  without  such  spécification.  If  ail  or  none  of  the  gênera  hâve  types 
specified,  that  generic  name  takes  precedence  the  diagnosis  of  which  is  most 
pertinent. 

(6)  A  spécifie  name  accompanied  by  both  description  and  figure  stands  in 
préférence  to  one  accompanied  only  by  a  diagnosis  or  only  by  a  figure. 

(c)  Other  things  being  equal,  that  name  is  to  be  preferred  which  stands  first 
in  the  publication  (page  precedence). 

Art.  29.  If  a  genus  is  divided  into  two  or  more  restricted  gênera, 
its  valid  name  must  be  retained  for  one  of  the  restricted  gênera. 

If  a  type  was  originally  established  for  said  genus,  the  generic 
name  is  retained  for  the  restricted  genus  containing  said  type. 

Recommendation.  —  To  facilitate  référence,  it  is  recommended  that  when 
an  older  species  is  taken  as  type  of  a  new  genus,  its  name  should  be  actually  com- 
bined  with  the  new  generic  name,  in  addition  to  citing  it  with  the  old  generic 
name.  Example:  Gilbertella  Eigeumann,  1903,  Smithsonian  Mise.  Coll.,  v.  45, 
p.  147.    Type  Gilbertella  alata  (Steindachner)  =  Anacyrtus  alatus  Steindachner. 

Art.  30.  The  désignation  of  type  species  ^  of  gênera  shall  be 
governed  by  the  foUowing  rules  (a-g),  applied  in  the  following  order 
of  precedence. 

'  Note  by  Secretary  of  the  Commission.  —  The  type  species  of  a  genus,  fre- 
qiiently  called  the  génotype,  is  that  species  which  serves  as  the  standard  of 
référence  for  the  genus.     It  is  best  for  every  author  definitely  to  designate  a 
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I.  Cases  in  which  the  generic  type  is  accepted  solely  upon  basis  of  the  original 
publication  — 

(a)  When  in  the  original  publication  of  a  genus  one  of  the  species  is  definitely 
designated  as  type,  this  species  shall  be  accepted  as  type  regardless  of  any  other 
considérations.     (Type  by  original  désignation.) 

(b)  If,  in  the  original  publication  of  a  genus,  typicus  or  typus  is  used  as  a  new 
spécifie  name  for  one  of  the  species,  such  use  shall  be  construed  as  "type  by 
original  désignation." 

(c)  A  genus  proposed  with  a  single  original  species  takes  that  species  as  its 
tj^je.    (Ivlonotypical  gênera.) 

{d)  If  a  genus,  without  originally  designated  (see  a)  or  indicated  (see  h) 
type,  contains  among  its  original  species  one  possessing  the  generic  name  as  its 
spécifie  or  subspecific  name,  either  as  valid  name  or  synonym,  that  species  or 
subspecies  becomes  ipso  facto  type  of  the  genus.     (Type  by  absolute  tautonymy.) 

II.  Cases  in  which  the  generic  type  is  accepted  not  solely  upon  basis  of  the 
original  publication  — 

(e)  The  following  species  are  excluded  from  considération  in  selecting  the 
types  of  gênera: 

(a)  Species  which  were  not  included  under  the  generic  name  at  the  time 

of  its  original  publication. 
(/3)  Species  which   were  species  inquirendœ  from  the  standpoint  of   the 

author  of  the  generic  name  at  the  time  of  its  publication. 
(7)  Species  which  the  author  of  the  genus  doubtfully  referred  to  it. 
(/)  In  case  a  generic  name  without  originally  designated  type  is  proposed 
as  a  substitute  for  another  generic  name,  with  or  without  type,  the  type  of  either, 
when  established,  becomes  ipso  facto  type  of  the  other. 

{g)  If  an  author,  in  publishing  a  genus  with  more  than  one  valid  species, 
fails  to  designate  (see  o)  or  to  indicate  (see  b,  d)  its  type,  any  subséquent  author 
may  sélect  the  type,  and  such  désignation  is  not  subject  to  change.  (Type  by 
subséquent  désignation.) 

The  meaning  of  the  expression  "sélect  the  type"  is  to  be  rigidly  construed. 
Mention  of  a  species  as  an  illustration  or  example  of  a  genus  does  not  constitute 
a  sélection  of  a  type. 

III.  Recommendation.s.  —  In  selecting  types  by  subséquent  désignation, 
authors  will  do  well  to  govern  themselves  by  the  following  recommendations  — 

(h)  In  case  of  Linna^an  gênera,  sélect  as  type  the  most  common  or  the  médi- 
cinal species.     (Linnœan  rule,'  1751.) 

(i)  If  a  genus,  without  designated  type,  contains  among  its  original  species 
one  possessing  as  spécifie  or  subspecific  name,  either  as  valid  name  or  sjmonym, 
a  name  which  is  virtually  the  same  as  the  generic  name,  or  of  the  same  origin  or 
same  meaning,  préférence  should  be  shown  to  that  species  in  designating  the 
type,  unless  such  préférence  is  strongly  contraindicated  by  other  factors.  (Type 
by  virtual  tautonymy.)  Examples:  Bos  taurus,  Equus  caballus,  Ovis  aries, 
Scomber  scombrus,  Sphœrostoma  globiporum  ;  contraindicated  in  Dipetalonema 
(compare  species  Filaria  dipetala,  of  wliich  only  one  sex  was  described,  based 
upon  one  spécimen  and  not  studied  in  détail). 

(/)  If  the  genus  contains  both  exotic  and  non-exotic  species  from  the  stand- 
point of  the  original  author,  the  type  should  be  selected  from  the  non-exotic 
species. 

{k)  If  some  of  the  original  species  hâve  later  been  classified  in  other  gênera, 
préférence  should  be  shown  to  the  species  stUl  remaining  in  the  original  genus. 
(Type  by  élimination.) 

(Z)  Species  based  upon  sexually  mature  spécimens  should  take  precedence 
over  species  based  upon  larval  or  immature  forms. 

{m)  Show  préférence  to  a  species  bearing  the  name  communis,  vulgaris, 
medicinalis,  or  officinalis. 

type  species  for  each  new  genus  proposed  by  him.  A  failure  to  designate  the 
génotype  frequently  leads  to  much  confusion  ;  it  is  in  fact  doubtf ul  whether  any 
other  one  point  has  caused  as  much  confusion  in  zoological  nomenclature  as  has 
this  omission.  —  C.  W.  S. 

'  Si  genus  receptum,  secundum  jus  naturœ  et  artis,  in  plura  dirimi  débet, 
tum  nomen  antea  commune  manebit  vulgatissimœ  et  officinali  plantée. 


REPORT  ON  ZOOLOGICAL  NOMENCLATURE    47 

(n)  Show  préférence  to  the  beat  described,  best  figiired,  b'est  know-n,  or  most 
easily  obtainable  species,  or  to  one  of  which  a  type  spécimen  can  be  obtained. 

(o)  Show  préférence  to  a  species  which  belongs  to  a  group  containing  as 
large  a  number  of  the  species  as  possible.     (De  Condolle's  rule.) 

(p)  In  parasitic  gênera,  sélect  if  possible  a  species  which  occurs  in  man  or 
some  food  animal,  or  in  some  very  common  and  wide-spread  host-species. 

(q)  Ail  other  things  being  equal,  show  préférence  to  a  species  which  the 
author  of  the  genus  actually  studied  at  or  before  the  time  he  proposed  the  genus. 

(r)  In  case  of  writers  who  habitually  place  a  certain  leading  or  typical 
species  first  as  "chef  de  file,"  the  others  being  described  by  comparative  référ- 
ence to  this,  this  fact  should  be  considered  in  the  choice  of  the  type  species. 

(s)  In  case  of  those  authors  who  hâve  adopted  the  "first  species  rule"  '  in 
fixing  generic  types,  the  first  species  named  by  them  should  be  taken  as  types 
of  their  gênera. 

(t)  AU  other  things  being  equal,  page  precedence  should  obtain  in  select- 
ing  a  type. 

Art.  31.  The  division  of  a  species  into  two  or  more  restricted 
species  is  subject  to  the  same  riiles  as  the  division  of  a  genus.  But  a 
spécifie  name  which  undoubtedly  rests  upon  an  error  of  identification 
cannot  be  retained  for  the  misdetermined  species  even  if  the  species 
in  question  are  afterwards  placed  in  différent  gênera.  Example: 
Tœnia  pectinata  Goeze,  1782  =  Cittotœnia  pediiiata  (Goeze),  but 
the  species  erroneously  determined  by  Zeder,  1800,  as  "  Tœnia  pecti- 
nata Goeze"  =  Andrya  rhopalocephala  (Riehm);  the  latter  species 
does  not  take  the  name  Andrya  pectinata  (Zeder). 

Rejectiox  of  Names 

Art.  32.  A  generic  or  a  spécifie  name,  once  published,  cannot  be 
rejected,  even  by  its  author,  because  of  inappropriateness.  Exam- 
ples: Names  like  Polyodon,  Apus,  albus,  etc.,  when  once  published, 
are  not  to  be  rejected  because  of  a  claim  that  they  indicate  characters 
contradictory  to  those  possessed  by  the  animais  in  question. 

Art.  33.  A  name  is  not  to  be  rejected  because  of  tautonymy, 
that  is,  because  the  spécifie  or  the  spécifie  and  subspecific  names  are 
identical  w'ith  the  generic  name.  Examples:  Trutta  trutta,  Apus 
apus  apus. 

Art.  34.  A  generic  name  is  to  be  rejected  as  a  homonym  when 
it  has  previously  been  used  for  some  other  genus  ^  of  animais.    Ex- 

1  Note  by  Secretary  of  Commission.  —  For  a  discussion  of  this  subject,  see 
especially  the  files  of  Science,  N.  Y.,  for  1906  and  1907.  A  number  of  authors 
make  it  a  rule  to  seiect  as  types  of  earlier  gênera  the  first  species  (by  page  pre- 
cedence) mentioned  in  connection  with  the  generic  names.  Some  authors  adopt 
certain  restrictions  in  deciding  which  is  the  first  species.  In  some  instances 
authors  hâve  not  declared  themselves  in  favor  of  the  "first  species  rule"  until 
some  tirne  after  they  hâve  published  gênera.  Paragraph  (s)  advises  that  their 
déclarations  be  considered  as  rétroactive,  subject,  of  course,  to  the  foregoing 
rules  {a-g).—C.  W.  S. 

^  Beside  the  spécial  journals  and  spécial  nomenclators  of  varions  groups, 
authors  will  find  the  following  publications  very  valuable  in  determining  wnether 
any  given  generic  or  supergeneric  name  is  preoccupied,  and  if  authors  will  con- 
sult  thèse  works  before  publishing  new  names,  considérable  confusion  and  later 
change  of  names  will  be  avoided  : 

C.  D.  Sherborn,  Index  animalium  sîve  index  nominum  qtue  ab  A.  D.  1758, 
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ample:  Trichina  Owen,  1835,  nematode,  is  rejected  as  homonym 
of  Trichina  Meigen,  1830,  insect. 

Art,  35.  A  spécifie  name  is  to  be  rejected  as  a  homonym  when  it 
lias  previously  been  used  from  some  other  species  of  the  same  genus. 
Example  :  Tœnia  ovilla  Rivolta,  1878  (n.  sp.)  is  rejected  as  homonym 
of  T.  ovilla  Gmelin,  1790. 

When  in  conséquence  of  the  union  of  two  gênera,  two  différent 
animais  having  the  same  spécifie  or  subspecific  name  are  brought 
into  one  genus,  the  more  récent  spécifie  or  subspecific  name  is  to  be 
rejected  as  a  homonym. 

Art.  36.  Rejected  homonyms  ^  can  never  be  again  used.  Re- 
jected synonyms  can  again  be  used  in  case  of  the  restoration  of 
erroneously  suppressed  groups.  Example:  Tœnia  Giardi  Moniez, 
1879,  was  suppressed  as  a  synonym  of  Tœnia  ovilla  Rivolta,  1878; 
later  it  was  discovered  that  Tœnia  ovilla  was  preoccupied  (Tœnia 
ovilla  Gmelin,  1790).  Tœnia  ovilla,  1878,  is  suppressed  as  a  homonym, 
and  can  never  again  be  used  ;  it  was  stillborn  and  cannot  be  brought 
to  life,  even  when  the  species  is  placed  in  another  genus  (Thysano- 
soma).  Tœnia  Giardi,  1879,  which  was  suppressed  as  a  synonym, 
becomes  valid  upon  the  suppression  of  the  homonym  Tœnia  ovilla 
Rivolta. 

Recommendations.  —  It  is  well  to  avoid  the  introduction  of  new  generic 
names  which  differ  from  generic  names  already  in  use  only  in  termination  or  in 
a  sUght  variation  in  spelling  which  might  lead  to  confusion.  But  when  once 
introduced  such  names  are  not  to  be  rejected  on  this  account.  Examples:  Picus, 
Pica;  Polyodus,  Polyodon,  Polyodonta,  Polyodontas,  Polyodontus  ;  Macrodon, 
Microdon. 

The  same  recommendation  applies  to  new  spécifie  names  in  any  given  genus. 
Examples:  necator,  necatrix ;  furcigera,  furcifera;  rhopalocephala,  rlwpaliocephala. 

If  from  the  radical  of  a  géographie  name  two  or  more  adjectives  are  derived, 
it  is  not  advisable  to  use  more  than  one  of  them  as  spécifie  name  in  the  same 
genus,  but  if  once  introduced,  they  are  not  to  be  rejected  on  this  account.    Ex- 

generibus  et  speciebiis  animalium  imposita  sunt.  Societatibus  eruditomm  adjn- 
vantibus  a  Carolo  Davis  Sherborn  confectus.  Sectio  I  a  kalendis  januariis,  1758, 
usque  ad  finem  decembris,  1800.    Cantabrigia?,  1902,  8°. 

S.  H.  Scudder,  Nomenclator  zoologicus.  An  alphabetical  list  of  ail  generic 
names  that  hâve  been  employed  by  naturalists  for  récent  and  fossil  animais  from  the 
earliest  times  to  the  close  of  the  year  1879.  In  2  parts:  I.  Supplemental  list. 
II.     Universal  index.     Washington,  1882,  8°. 

C.  O.  Waterhouse,  Index  zoologicus.  An  alphabetical  list  of  names  of  gênera 
and  subgenera  prnposed  for  use  in  zoology  as  recorded  in  the  Zoological  Record, 
1880-1900,  together  with  other  names  not  inchided  in  the  Nomenclator  zoologicus  of 
S.  H.  Scudder.  Compiled  .  .  .  by  Charles  Owen  Waterhouse  and  edited  by  David 
Sharp.     London,  1902,  8°. 

The  Zoological  Record,  XXXVIII  [et  sequ.].  Being  records  of  zoological 
literature  rclaling  chiefly  to  the  year  1901  [et  sequ.].  London,  1902  [et  sequ.],  8°. 
Index  to  names  of  new  gênera  and  subgenera. 

Register  zum.  zoologischen  Anzeiger.  Herausgegeben  von  J.  V.  Carus,  Jahrganj 
1-10  (1878-1887),  n-15  (1888-1892),  16-20  (1893-1897),  21-25  (1898-1902). 
Leipzig,  1889,  1893,  1899,  1903,  8°. 

'  A  homonym  is  one  and  the  same  name  for  two  or  more  différent  thinga 
Synonyms  are  différent  names  for  one  and  the  same  thing. 
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amples:      hispaniis,    hispanicus;     moluccensis,    moluccanus  ;     sinensis,    sinicus, 
chine n sis  ;  cei/lonicus,  zeylanicus. 

The  same  reconimendation  applies  also  to  other  words  derived  from  the  same 
radical  and  differing  from  each  other  only  in  termination  or  by  a  simple  change 
in  spelling.  Examples:  cœruleus,  cœruleus ;  silvestris,  sylcestris,  silvaticus,  sylm- 
ticus;  littoralis,  litoralis;  autumnalis,  auctumnalis  ;  dama,  damma;  fluvialis, 
fluviatilis,  fiuviaticus. 


APPENDIX 

A.  It  is  very  désirable  that  the  proposition  of  every  new  syste- 
matic  group  should  be  accompanied  by  a  diagnosis,  both  individual 
and  differential,  of  said  group  in  English,  French,  German,  Italian, 
or  Latin.  This  diagnosis  should  state  in  what  muséum  the  type 
spécimen  lias  been  deposited  and  should  give  the  muséum  number 
of  said  spécimen. 

B.  In  publications  issued  in  any  other  language  than  English, 
French,  German,  Italian,  or  Latin  it  is  very  désirable  that  the  expia- 
nation  of  figures  be  translated  into  one  of  thèse  tongues. 

C.  The  metric  System  of  weights  and  measures  and  the  centi- 
grade thermometer  of  Celsius  are  adopted  as  standard.  The  micron 
(0.001  mm.),  represented  by  the  Greek  letter  /i,  is  adopted  as  the  unit 
of  measure  in  microscopic  work. 

D.  The  indication  of  enlargement  or  of  réduction,  which  is  very 
désirable  for  the  compréhension  of  an  illustration,  should  be  expressed 
in  figures  rather  than  by  mentioning  the  System  of  lenses  used. 

E.  The  indication  of  enlargement  or  réduction  of  an  object  is 
usually  linear.  The  sign  of  multiplication  is  used  for  enlargement, 
and  the  fraction  for  réduction.  Examples:  X  50  indicates  that  the 
object  is  enlarged  50  times;  -^^  indicates  that  it  is  reduced  to  -^^th. 

If  it  is  desired  to  specify  that  the  enlargement  is  linear,  surface, 
or  mass,  this  may  be  donc  as  follows  :  X  50  ^  indicates  linear  enlarge- 
ment ;  X  50  "  indicates  surface  enlargement  ;  X  50  ^  indicates  mass 
enlargement. 

F.  Transcription  of  Greek  words: 

The  following  table  indicates  the  manner  in  which  Greek  words 
should  be  transcribed  : 


final 


e 

=  e 

(vaX.eo'i) 

—  Hyalea,  Jiot  Hyalœa. 

V 

=  e 

(Trecpr'jvr]) 

—  Pirena,  not  Pirina. 

V 

=  a 

(ïïTeipTqvrf^ 

—  Pirena,  not  Pire  ne. 

e 

=  ih 

(rrjdv^i) 

—  Tethys,  not  Tetys. 

t 

=  i 

(/SaX.f'o'?) 

—  Balia,  not  Balea. 

K 

=  c 

ÇnTiTOKprjvri^ 

—  Hippocrena,  not  Hippochrenes, 

^ 

=  X 

(^évo<i) 

—  Xenus,  Xenophora. 

P 

=  r 

(TTTepov) 

—  Pterum. 

V 

=  y 

iv/36^) 

—  Hybolithus,  not  Hibolites. 

at 

=  ae 

(XifjLvaïos:) 

—  Limnsea,  not  Limnea. 
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av  =  au   (yXavKO'i)  —  Glaucus. 

^^  =  i      (x^î^'^oç)  —  Chilostomum,  not  Cheilostoma. 

€v  =  eu    (€vpo<i)  —  Eurus. 

û),  01  =  oe    (otVétw)  —  Dioeca,    Dendrœca,    not    Dioica, 

Dendroica. 

final      ou  =  um  {è(j>L'mrtov)  —  Ephippium,  not  Ephippion. 

final      oç  =  us    (6fi(f)a\,6<i)  —  Euomphalus,  not  Euoraphalos, 

ov  =  u     (XovTi]piov)  —  Luterium,  not  Lotorium. 

77  =  7ig    (àyyapela)  —  Angaria. 

JX  ^  '^^^^  (ày-^iaTofiov)  —  Anchistomiim,  not  Angistoma 

JK  =  ne    {âyKicrrpov)  —  Ancistrodon,  not  Agkistrodon. 

p  =  rh    (péa)  —  Rhea. 

é  =  he    (ép/xala)  —  Hermaea,  not  Ermaea. 

G.  Transcription  of  géographie  and  proper  names. 

The  géographie  names  of  nations  which  employ  the  Latin  char- 
aeters  are  to  be  written  with  the  orthography  of  the  country  in  which 
they  originate. 

The  following  rules  apply  only  to  the  géographie  names  of  coun- 
tries  which  hâve  no  true  alphabet  or  which  use  letters  that  are  différent 
from  the  Latin  alphabet. 

Names  of  places,  however,  which  hâve  been  established  by 
long  usage  préserve  their  usual  orthography.  Examples:  Algiers, 
Moscow. 

1.  The  vowels  a,  e,  i,  and  o  are  pronouneed  as  in  French,  Italian, 
Spanish,  or  German.     The  letter  e  is  never  mute. 

2.  The  French  sound  u  is  represented  by  û  with  dieresis,  as  in 
German. 

3.  The  French  sound  ou  is  represented  by  u,  as  in  Italian,  Spanish, 
German,  etc. 

4.  The  French  sound  eu  is  represented  by  œ,  pronouneed  as  in 
the  French  word  œil. 

5.  The  long  sound  of  a  vowel  is  indicated  by  a  circumflex  accent  ; 
the  interrupted  sound  is  indicated  by  an  apostrophe. 

6.  The  consonants  h,  d,  f,  j,  k,  l,  m,  n,  p,  q,  r,  t,  v,  and  z  are  pro- 
nouneed as  in  French. 

7.  The  letters  g  and  5  always  hâve  the  hard  sound,  as  in  the  French 
words  gamelle  and  sirop. 

8.  The  sound  represented  in  Frencli  by  ch  is  designated  by  sh. 
Examples:  shérif,  Kashgar. 

9.  Kh  represents  the  harsli  guttural;  gh  represents  the  soft  gut- 
tural of  the  Arabs. 

10.  Th  represents  the  sound  whicli  terminâtes  the  English  word 
path  (0  in  Greek).  Dh  represents  the  sound  which  commences  the 
English  word  those  (S  in  Greek). 

11.  Aside  from  such  employment  (9,  10)  of  the  letter  h  modifying 
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the  letter  which  précèdes  it,  h  is  always  aspirated  ;   the  apostrophe  is 
therefore  never  used  before  a  word  coinmencino;  with  h. 

12.  The  semivowel  represented  hv  y  is  pronounccd  as  in  yole. 

13.  The  semivowel  w  is  pronounced  as  in  the  Enghsh  word 
William. 

14.  The  double  sounds  dj,  ich,  ts,  etc.,  are  indicated  by  letters 
representing  the  sounds  which  compose  them.     Example:    Mats-him. 

15.  The  h  is  pronounced  gn,  as  in  seigneur. 

16.  The  letters  x,  c,  and  q  are  not  used,  since  they  are  duplicates 
of  other  letters  representing  the  same  sounds;  but  q  may  serve  to 
indicate  the  Arabie  qaf,  and  the  soft  aspirate  may  be  used  to  represent 
the  Arabie  ain. 

An  attempt  should  be  made  to  indicate  as  exactly  as  possible,  by 
means  of  the  letters  given  above,  the  local  pronunciation  without  try- 
ing  to  give  a  complète  représentation  of  ail  the  sounds  which  are 
heard. 

Propositions  now  pending  before  the  Commission 

There  are  two  séries  of  propositions  now  pending  before  the 
Commission  to  which  the  attention  of  zoologists  is  invited  : 

Prof.  F.  C.  von  ISIœhrenthal  (Berlin)  published  (1904,  pp.  89-138) 
in  Band  1  of  the  Zoologische  Annalen  an  Entwurf  von  Regeln  der 
zoologischen  Nomenclatur.  Als  Grundlage  filr  eine  Neubearbeitung 
der  interncdionalen  Regeln  der  interncdioncden  Nomenclutur-Com- 
mission.  This  "Entwurf"  was  in  the  hands  of  the  Commission 
more  than  one  year  prior  to  the  Boston  meeting,  but  upon  an  intima- 
tion from  Professor  von  Maehrenthal,  who  was  not  présent  at  Boston, 
it  was  laid  upon  the  table  without  formai  action. 

The  Linnsean  Society  of  London  lias  forwarded  to  the  Commis- 
sion the  following  formai  communication: 

LINNEAN  SOCIETY  OF   LONDON 

ZooLOGiCAL  Nomenclature 

The  Council  of  the  Linnean  Society  of  London  in  their  Meeting  held  on  15th 
November,  1906,  adopted  the  following  Report  of  their  Committee  on  Zoological 
Nomenclature,  and  ordered  the  Report  with  the  accompanying  amendments  to 
be  communicated  to  the  Executiv^e  of  the  International  Commission  on  Zoologi- 
cal Nomenclature  to  be  laid  before  the  International  Congress  on  Zoology,  to 
be  held  at  Boston,  Massachusetts,  in  1907. 

REPORT 

The  Committee  on  Zoological  Nomenclature  appointed  by  Council  Minute 
of  16th  March  and  Ist  June,  1905,  hâve  carefully  considered  the  whole  question, 
and  hâve  devoted  particular  attention  to  the  proposed  International  Rules 
drawn  up  by  Professor  Raphaël  Blanchard  and  his  coUeagues  for  présentation 
to  the  forthcoming  International  Zoological  Congress  at  Boston,  Massachusetts, 
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in  1907.  Having  deliberated  upon  the  various  Articles,  published  in  French, 
English,  and  German,  in  Paris,  1905,  your  Committee  beg  to  recommend  in  gên- 
erai terins  :  — 

That  the  "  Règles  Internationales  de  la  Nomenclature  Zoologique  "  should  be 
accepted,  and  be  supported  by  the  authority  of  the  Council  of  the  Linnean 
Society  of  London. 

In  adopting  and  forwarding  this  recommendation,  the  Council  at  the  same 
time  désire  to  submit  for  the  considération  of  the  Zoôlogical  Congress  to  be  held 
at  Boston  in  1907,  the  following  séries  of  amendments  drawn  up  and  recom- 
mended  by  the  above-mentioned  Committee  on  Zoôlogical  Nomenclature  ap- 
pointed  by  the  Council  of  the  Linnean  Society  of  London. 

SUGGESTED    AmENDMENTS 

The  amendments  '  suggested  by  the  Committee  ahove-mentioned  are  asfollows:  — 
Article  3.  —  Omit  ail  after  the  word  "  such." 
=  Art.  4,  Une  3.  — Delete  words  after  "of"  and  substitute  "the  genus  from 
which  it  is  derived." 
Art.  5.  —  Substitute  "  The  change  of  the  name  of  a  genus  nécessitâtes  a 
corresponding  change  in  a  family  or  subfamily  name  derived  from 
that  genus,  e.  g.,  as  Hi/rax  had  to  be  replacée!  by  Procavia,  there- 
fore  Hyracidae  had  to  becomc  Procaviidae." 
Art.  6,  Une  3.  — Delete  after  "  co-ordinate." 
Art.  8.  —  In  "h "  of  Recommendations,    change   examples   to  correspond 

with  Rule  20. 
Art.  11,  Une  3.  —  Delete  after  "co-ordinate." 

Art.  12.  —  Substitute  "  That  a  spécifie  name  must  be  used  as  the  sub-specific 

name  when  the  species  so  named  is  regarded  as  a  sub-species,  and 

vice  versa." 

Art.  13.  —  Substitute  "Ail  spécifie  names  should  be  written  with  a  small 

initial  letter,  as  Rhizostoma  cuvieri,  Corvus  corax,  not  Rh.  Cuvieri, 

C.  Corax." 

Art.  14.  —  "a,"  Une    2. — ^  After    "name"    insert    "AU    generic    names    in 

Zoôlogy  to  be  treated  as  masculine,  e.  g.  FeUs  marmoratus." 

(The  fact  that  words  of  so  apparently  masculine  form  as 

Dipsacus  and  Boocercus  are  féminine,  of  féminine  form  as 

MeUcerta  and  Porsenna  are  masculine,  and  Peras  and  Phryno- 

soma  are  neuter,  indicate  the  advisability  of  sorae  such  rule 

as  that  now  suggested.     It  would  greatly  increase  the  value 

of  the  rule  if  Botanists  would  agrée  to  regard  their  gênera 

as  féminine). 

c.  —  Substitute  "  If  the  name  is  a  modem  patronymic,  and  the 

Latin  analogy  is  not  available,  the  genitive  may  be  formed 

by  adding  to  the  exact  and  complète  name,   an  i  if  the 

person  is  a  man,  or  an  œ  if  the  person  is  a  woman;    it  is 

placed  in  the  plural  if  the  dedication  involves  several  per- 

sons  of  the  same  name.     Examples:    from  Cuvier,  cuvieri; 

from  Merian,  merianœ  ;    from  Salmon,  sahnoni;    from  Lin- 

nœus,  Unnœi;  from  Bovallius,  bovalUi." 

Art.  20.  —  After  the  word   "retained,"   insert    "as    far    as    possible,  but 

diacritical  marks  may  be  omitted." 
Art.  21.  —  Add,  as  a  second  paragraph  :  — 

"  A   named   figure  published  without  description,   is  equally  valid 
Vi'ith  a  description." 
Art.  22.  —  Delete  the  whole  of  the  Recommendation,  with  its  footnote. 
Art.  23.  —  In  the  fifth  Une,  after  "but,"  insert  "may  be." 
Art.  27.  —  In   Section   b,   for   "larva,"   substitute   "any   stage   in   the   life 

history." 
Art.  28.  —  Delete  from  last  Une,  the  words  "  page  precedence." 

'  The  amendments  are  based  on  the  English  Version  as  printed  on  pages  29- 
43  of  the  "Règles." 
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Art.  35.  —  Insert  as  a  third  paragraph  :  — 

"Names  of  the  same  origin  and  meaning  shall  bo  considercd  as 
identical  with  regard  to  préoccupation  if  they  are  only  distinguished 
from  each  other  by  the  f ollowing  différences  :  — 

The  alternative  use  of  œ,  œ,  and  e.    Examples  :  caeruleus,  coeruleus, 
ceruleus.    ei,  i,  and  y,  as  chiroptis,  cheiropus,  c  and  k  as  microdon, 
mikrodon. 
The  aspiration  or  non-aspiration  of  a  consonant,  as  oxyryncus, 

oxyrhynchus. 
The  présence  or  absence  of  a  c  before  t,  as  autumnalis,  auctumnalis. 
By  a  consonant  being  single  or  double,  as  litoralis,  littnralis. 
By  a  différent  method  of  sufïixing  ensis  to  a  geographical  name, 
as  timorensis,  timoriensis." 
(With  consequential  altérations  towards  the  end  of  Art.  36.) 
Art.  36. — -  Recommendations,    Une    2.  —  For    "which    differ    from    generic 
names  already  in  use,"   substitute  "having  the  same  meaning  as 
generic  names  already  in  use  and  diffei'ing  from  thèse  unless  other- 
wise  provided  for  in  Art.  35." 
Page  39,  Une  3.  —  Af ter  "  account  "  insert  "  unless  the  différences  corne  into 

the  list  given  above  (Art.  35,  par.  3)." 
Page  39,  Une  4.  —  Delete  "  Macrodon,  Microdon." 
Page  39,  Une  10.  —  For  "not"  substitute  "only." 

Page  39,  Une  11.  —  Delete  "on  this  account"  and  substitute  "if  their  différ- 
ences are  such  as  fall  under  the  list  above  quoted  (Art.  35,  par.  3)." 
Page  39,  Une  15.  —  Delete  caerideus,  coendeus,  silvestris. 

Page  39,  Une  16.  —  Delete  silvaticus,  Utoralis,  UttoraUs,  autumnalis,  auctum- 
nalis. 
Page  39,  Une  17.  —  Delete  dama,  damma. 
Appendix  F.,  page  40.  — Substitute  the  foUowing  heading:  — 

Translitération  of  Greek  Words 

"In  forming  new  names  the  method  of  transliterating  the  Greek  characters 
should  be  as  foUows:  —  " 

Appendix  G.,  page  41,  Une  1.  —  For  "rules"  read  "recommendations." 
Errors  in  printing  the  Règles  should  also  be  corrected. 

The  foregoing  séries  of  propositions  reached  the  Executive  Com- 
iTiittee  of  the  Commission  within  less  than  one  year  prior  to  the 
Boston  meeting,  and  on  this  account  the  Commission  was  unable, 
under  the  rules,  to  take  any  formai  action  upon  the  amendments 
suggested.  The  Linnaean  report  will  corne  before  the  next  meet- 
ing of  the  Congress  for  formai  considération. 

SUBMITTED    BY   THE    CoUNCIL,    AuG.    22 

The  Seventh  International  Zoôlogical  Congress  desires  to  record 
ils  high  appréciation  of  the  great  services  to  science  rendered  by  the 
Concilium  Bibliographicum  of  Zurich.  It  notes  with  satisfaction 
the  tendency  of  existing  bibliographies  to  amalgamate  with  the 
institute  as  a  recognized  centre.  It  urges  upon  ail  the  imperative 
necessity  of  extending  adéquate  support  to  this  work.  It  especially 
requests  the  newly  appointed  American  Committee  to  use  every 
effort  to  increased  support. 
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ADDRESS  OF  THE   PRESIDENT 

ALEXANDER  AGASSIZ 

I  HAVE  the  honor  on  behalf  of  the  American  zoologists  to  welcome 
hère  the  zoologists  who  hâve  honorée!  us  by  their  présence,  I  wish 
this  pleasant  duty  had  fallen  to  the  lot  of  one  younger  than  myself,  who 
had  not  yet  passed  the  allotted  threescore  years  and  ten,  one  who 
coiild  look  forward  with  the  younger  and  more  active  members  of  our 
Congress,  and  be  a  zealous  cooperator  in  the  plans  and  schemes  of 
the  new  zoology  of  the  coming  century,  and  not  be,  as  I  must,  a 
passive  looker-on,  though  an  interested  one. 

A  mère  glance  at  the  programme  of  this  meeting  cannot  fail  fo 
emphasize  the  many  and  varied  interests  which  claim  the  attention 
of  the  members  of  this  Congress. 

Zoology  as  it  was  understood  in  the  days  when  my  contemporaries 
were  commencing  their  careers,  covered  a  comparatively  limited  field, 
the  whole  of  which  could  be  grasped  by  any  one  of  its  devotees,  who 
were  not  compelled,  as  are  the  students  of  to-day,  to  confine  their 
researches  to  specialties  if  they  wish  to  share  in  the  advance  of  the 
field  of  science  they  hâve  selected.  No  one  person  can  hope  to  tread 
the  range  of  the  whole  of  zoology  as  subdivided  in  our  days.  To  be 
a  master  in  a  small,  circumscribed  field  from  which  to  judge  and  test 
the  application  of  gênerai  théories,  is  about  ail  any  one  of  us  may  hope 
to  do. 

Nothing  is,  perhaps,  more  marked  in  modem  zoology  than  the 
great  inroads  which  physiology  has  made  into  the  methods  of  zoology. 
Our  zoological  laboratories  hâve,  to  a  great  extent,  become  labora- 
tories  of  animal  physiology.  Ail  the  questions  of  morphology,  of 
systematic  zoology,  of  geographical  distribution,  hâve  been  relegated 
to  a  position  of  comparative  insignificance,  while  spéculation  and 
mathematics  hâve  assumed  in  the  new  zoology  an  importance  which 
tends  to  overwhelm  research  in  the  phenomena  underlying  ail  study 
of  nature.  We  can  no  longer  claim  to  be  making  a  "scientific  use  of 
the  imagination."  We  seem  to  hâve  entered  what  we  might  call  the 
period  of  the  scientific  abuse  of  imagination. 

Following  the  précèdent  set  for  us  by  former  zoological  congresses. 
we  shall  hope  to  hear  from  some  of  our  foreign  visitors  on  subjects  of 
gênerai  interest,  and  leave  to  the  Sections  and  their  meetings  the  dis- 
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eussions  of  the  specialists,  who  hâve  a  common  interest  in  more  limited 
fields. 

Taking  the  example  of  some  of  my  predecessors  in  office,  you  will 
allow  me  to  sketch  briefly  the  part  I  hâve  taken  in  some  of  the  modem 
problems  of  zoology. 

As  one  who  for  nearly  forty  years  has  followed,  to  the  exckision  of 
ail  other  and  former  studies,  the  new  fields  of  inquiry  opened  by  the 
deep  sea  explorations  of  the  last  part  of  the  previous  century,  in  which 
Americans,  English,  Scandinavians,  French,  Germans,  Austrians, 
Italians,  Russians  and  Dutch  hâve  taken  a  prominent  part,  I  may 
be  excused  if  I  attempt  to  interest  the  members  of  the  Congress  in  a 
short  sketch  of  the  share  Americans  hâve  had  as  pioneers  in  that 
field. 

We  must  go  back  to  1846,  when,  under  the  auspices  of  Bâche,  the 
first  investigation  of  the  Gulf  Stream  was  undertaken  by  the  Coast 
Survey,  and  to  the  early  days  of  1867,  when  Pourtalès,  in  the  United 
States  Coast  Survey  Steamer  "Corwin,"  dredged  to  the  then  great 
depth  of  six  hundred  fathoms.  Almost  simultaneously  with  this,  in 
1868,  occurred  the  trial  trips  of  the  "Lightning"  and  "Porcupine" 
under  the  lead  of  Carpenter,  Thomson  and  Jefîreys.  Thèse  expédi- 
tions on  the  part  of  the  English  led  to  the  "Challenger"  expédition,  — 
the  three-year  cruise  of  which,  under  Thomson,  laid  the  foundation 
of  Thalassography.  On  the  American  side  the  "Challenger"  was 
followed  by  the  expéditions  of  the  United  States  Coast  Survey  Steamer 
"  Blake,"  of  which  I  had  the  good  fortune  to  be  in  charge.  For  three 
seasons  the  "Blake"  carried  on  work  similar  to  that  of  the  "Challen- 
ger" along  the  east  coast  of  the  United  States  from  the  Banks  of 
Newfoundland  to  the  Gulf  of  Mexico  and  through  the  Caribbean  Sea. 

On  lier  first  cruise  the  "Blake"  was  in  command  of  Lient.  Comdr. 
Sigsbee,  to  whose  inventive  skill  was  due  many  of  the  devices  facili- 
tating  the  work  on  that  vessel.  The  apparatus  in  use  by  the  "Blake" 
has,  with  slight  modifications,  been  adopted  by  the  subséquent  deep 
sea  expéditions  which  hâve  extended  and  supplemented  the  work  laid 
out,  in  its  grand  outlines,  by  the  "  Challenger"  and  "Blake." 

The  work  of  the  "Princess  Alice"  under  the  Prince  of  Monaco 
included  part  of  the  Mediterranean  and  the  Eastern  and  Northern 
Atlantic  from  the  Azores  to  Spitzbergen.  The  French  vessels  "Tra- 
vailleur" and  "Talisman,"  with  Alphonse  Milne-Edwards  and  Perrier, 
explored  the  Atlantic  somewhat  south  of  this  area. 

The  Red  Sea  was  examined  by  the  "Pola"  under  Steindachner, 
the  Indian  Océan  by  the  "Investigator"  in  charge  of  Alcock,  a 
German  expédition  in  the  "National,"  under  Hensen,  was  sent  out  to 
study  the  pelagic  fauna  of  the  Northern  Atlantic,  and  another  German 
deep  sea  expédition,  that  of  the  "Valdivia,"  in  charge  of  Chun, 
examined  parts  of  the  iVtlantic  not  covered  by  former  expéditions,  and 
a  great  part  of  the  Indian  Océan  not  included  by  the  "Investigator." 
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I  need  not  mention  a  number  of  minor  expéditions  undertaken  for 
spécifie  purposes. 

Our  knowledge  of  the  hydrography  of  the  Antarctic  région,  where 
at  the  beginning  of  the  past  century  a  couple  of  deep  sea  soundings 
were  raade  by  Ross,  has  been  vastly  enlarged  by  the  expéditions  of 
the  "Discovery,"  of  the  "Gauss"  and  of  the  "Belgica,"  and  the 
Swedish  and  French  ships,  while  each  Arctic  expédition,  where  the 
first  sporadic  deep  sea  haids  were  made  in  1861,  by  Swedish  expédi- 
tions under  Torrell,  and  more  especially  those  of  the  "  Voringen"  and 
"Fram,"  hâve  enlarged  that  of  the  i\.rctic  seas. 

With  the  exception  of  the  expéditions  of  the  "Princess  Alice,"  and 
of  those  of  the  "Albatross,"  the  leaders  of  the  cruises  I  hâve  named 
were  limited  to  single  expéditions,  while  it  has  been  the  good  fortune 
of  the  Prince  of  Monaco,  as  well  as  of  myself ,  to  hâve  been  able,  year 
after  year,  to  go  on  with  our  work  and  carry  on  continuons  oceanic 
researches. 

The  results  of  thèse  numerous  expéditions  hâve  been  partially 
published.  Those  of  the  "Challenger"  hâve  been  completed,  thanks 
to  the  energv  and  dévotion  of  Sir  John  ^Nlurray,  and  the  noble  file  of 
volumes  of  the  voyage  of  the  "Challenger"  will  ever  remain  a  monu- 
ment of  oceanic  research. 

The  publications  of  the  "Gazelle,"  "Blake,"  "Travailleur,"  the 
"Talisman,"  the  Norwegian  North  Atlantic  Expédition,  the  "Ingolf," 
the  "  Investigator,"  "Pola,"  the  Plankton  Expédition,  the  "Siboga," 
the  "Princess  Alice,"  the  "  Valdivia"  and  the  "Albatross,"  while  not 
so  extensive,  yet  fill  many  of  the  gaps  left  by  the  "Challenger"  ex- 
plorers,  and  a  glance  at  thèse  interesting  volumes  treating  of  the 
physics,  chemistry,  zoology  and  geology  of  the  océans  are  évidence  of 
the  great  influence  thèse  researches  hâve  had  upon  the  development 
of  Thalassography. 

I  may  close  by  a  spécial  référence  to  the  work  of  the  United  States 
Fish  Commission  Steamer  "Albatross,"  built  in  1882  under  the 
supervision  of  Professor  Baird,  as  a  steamer  for  fishery  work.  She 
soon  took  her  place,  owing  to  her  superb  equipment,  as  the  boat  best 
adapted  for  marine  investigation.  For  several  years  she  was  occupied 
in  exploring  the  East  coast  of  the  United  States  from  the  Banks  of 
Newfoundland  to  the  extrêmes  of  the  Caribbean  Sea.  Her  field  of 
opération  was  next  transferred  to  the  Pacific,  and  her  track  became  a 
thread  of  most  interesting  observations  Connecting  the  fauna  of  the 
Southern  Atlantic  to  that  of  the  Pacific,  through  the  Straits  of  Ma- 
gellan as  far  as  California.  Then  began  a  systematic  exploration  of 
the  West  coast  of  the  United  States,  of  the  fisheries  of  Alaska,  and 
of  the  Aleutian  Islands.  Next,  hydrographie  work  a  long  the  coast  of 
Southern  California,  of  Mexico,  across  to  the  Sandwich  Islands,  and 
repeated  trips  to  Japan  in  the  interest  of  fisheries  and  hydrography. 

I  was  fortunate  enough,  thrice,  to  be  placed  in  charge  of  the 
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"  Albatross,"  once  for  an  extended  exploration  of  the  Panamic  région, 
when  she  was  commanded  by  Tanner,  that  vétéran  deep  sea  dredger. 
A  second  time,  when  she  swept  for  more  than  nine  months  throiigh  the 
Pacific,  from  San  Francisco  to  the  ]\Iarquesas,  the  Paumotus,  Society 
Islands,  Cook  Islands,  Tonga,  Fiji,  ElHce,  Gilbert  Islands,  to  the 
Marshalls,  Carolines  and  Guam,  winding  up  in  Japan.  On  this  ex- 
pédition I  had  the  opportunity  of  making  extensive  observations  on 
coral  reefs,  which  supplemented  those  I  had  in  previous  years  made  in 
Florida,  the  West  Indies,  Galapagos,  on  the  Great  Barrier  Reef  of 
Australia,  and  in  the  wonderful  coral  régions  of  Fiji  and  of  the  Mal- 
dives. Thèse  observations  hâve  greatly  modified  our  views  regarding 
the  formation  of  coral  reefs.  But  this  is  not  the  place  to  discuss  the 
older  théories. 

Finally,  I  was  in  charge  of  the  "Albatross"  a  third  time,  when  she 
steamed  through  the  Eastern  Pacific,  covering  one  of  the  most  in- 
teresting  of  oceanic  areas,  practically  a  mare  iiicognitum,  an  immense 
rectangle  bounded  by  Unes  drawn  from  the  coast  of  South  America, 
thence  to  Easter  Island,  to  the  Galapagos,  to  ^Nlangareva,  and  Aca- 
pvilco,  a  région  of  the  Pacific  which  had  not  been  visited  by  former 
expéditions. 

The  results  of  thèse  expéditions  of  the  "Albatross"  hâve  been 
issued,  as  far  as  completed,  in  the  publications  of  the  Muséum  of 
Comparative  Zoology,  and  to  my  many  colleagues  in  this  country 
and  in  France,  Germany,  Austria,  Russia,  England,  Italy,  Denmark, 
HoUand,  Norway,  Sweden,  Switzerland  and  Japan,  who  hâve  so 
kindly  devoted  their  time  and  skill  to  the  préparation  of  the  Reports  on 
the  collections  and  data  obtained,  I  am  deeply  grateful.  Of  thèse  col- 
laborators  there  hâve  been  ninety-four,  and  forty-four  are  still  at  work 
on  parts  of  the  collections.  It  will  undoubtedly  seem  strange  to  my 
European  hearers  to  be  informed  that  the  publications  of  the  "Alba- 
tross" expéditions  hâve  not  been  cared  for  by  the  Fédéral  Govern- 
ment. It  certainly  seems  an  anomaly  that  the  enormous  amount  of 
material  coUected  so  diligently  by  the  "Albatross"  for  more  than 
twenty  years  at  a  very  great  outlay,  should  be  accumulating  in  the 
store-rooms  of  the  National  jNIuseum  and  in  the  archives  of  the  Fish 
Commission  for  want  of  a  very  moderate  appropriation,  compared 
to  the  cost  of  collecting  the  data,  to  publish  the  results  which  hâve 
been  brought  together.  This  neglect  is  the  more  strange  as,  with  the 
exception  of  the  "Princess  Alice,"  the  "Albatross"  is  the  only  govern- 
ment  vessel  which  has  been  built  for  deep  sea  work  and  kept  in 
constant  commission  for  a  period  of  twenty-five  years. 

The  problem  which  presented  itself  as  of  the  greatest  interest  in 
connection  with  my  deep  sea  work  was  the  study  of  the  marine  fauna 
on  the  two  sides  of  the  Isthmus  of  Panama.  Much  has  been  written 
on  the  relationship  of  the  marine  animais  of  the  Caribbean  and  of  the 
Panamic  région,  but  the  spéculations  are  ail  based  upon  data  supplied 
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by  collections  made  upon  the  littoral  régions,  It  was  not  until  the 
collections  made  by  the  "Blake"  on  the  Atlantic  and  Caribbean  side, 
and  by  the  "Albatross"  on  the  Panamic  side,  were  studied,  collec- 
tions extending  to  the  deepest  waters  of  both  régions,  that  we  were 
able  to  speculate  with  some  degree  of  certainty  upon  the  causes  which 
led  to  the  existence  of  the  peculiar  fauna  characteristic  of  the  deep 
waters  of  the  Caribbean,  a  fauna  more  closely  allied  to  the  Panamic 
deep-water  fauna  than  to  that  of  the  Atlantic,  and  suggesting  that 
after  the  formation  of  the  Windward  Islands,  which,  in  great  part, 
eut  ofî  the  Caribbean  from  the  Atlantic,  there  must  hâve  been  a  free 
connection  with  the  Panamic  région  of  a  depth  greater  than  that 
which  connected  it  with  the  Atlantic. 

It  of  course  became  necessary  to  carry  on  geological  surveys  to 
détermine  the  âge  at  which  thèse  connections  were  established,  and 
again  closed,  to  obtain  some  measure  of  the  time  elapsed  necessary 
to  differentiate  the  marine  fauna  of  the  two  sides  of  the  Isthmus  of 
Panama.  While  the  length  of  this  period  can  only  be  vaguely  inferred, 
it  gives  us  at  any  rate  the  comparative  measure  of  the  changes  which 
hâve  taken  place  in  thèse  faunœ  from  the  time  when  the  marine 
fauna  of  the  later  Cretaceous  was  passing  into  the  older  and  more  ré- 
cent Tertiaries,  and  until  the  existing  state  of  things  was  established. 
The  preliminary  geological  studies  I  carried  on  in  connection  with  the 
study  of  the  West  Indian  coral  reefs,  necessary  to  détermine  the  âge 
of  the  development  of  the  larger  Antilles  and  of  the  Windward  Islands, 
hâve  been  extended  for  me  by  Hill  and  others,  so  that  we  now  hâve  a 
fair  idea  of  the  geological  séquence  of  events  in  the  growth  of  the 
Caribbean  area. 

The  careful,  comparative  study  of  the  collections  of  the  "Blake" 
and  "Albatross"  is  now  nearly  complète,  —  a  study  carried  out  by 
specialists  is  absolutely  essential,  for  no  mère  superficial  sketch  even 
by  an  experienced  zoologist  will  sufRce  in  drawing  conclusions  of  any 
value  and  bring  out  the  minute,  interesting,  fundamental  détails 
which  no  gênerai  zoologist  can  hope  to  grasp.  Whatever  final  value 
the  corrélation  of  thèse  Reports  may  hâve  will  be  due  to  the  assistance 
I  hâve  received  from  my  coUaborators  in  so  many  spécial  fields,  and 
my  indebtedness  to  them  I  find  it  difficult  to  express. 
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RICHARD   HERTWIG 

Die  Biologie  verdankt  dem  verflossenen  Jahrhundert  zwei  Theo- 
rien,  welche  wie  keine  anderen  aile  vom  Leben  handelnden  Wissen- 
scliaften  gewaltig  gefordert  haben.  Es  sind  das  die  Descendenztheorie 
und  die  Zellentheorie.  Beide  Theorien  haben  das  Gemeinsame,  dass 
ihre  ersten  Anfânge  in  vergangene  Jahrhunderte  zuriickgreifen  ;  sie 
unterscheiden  sich  in  ihrem  weiteren  Entwicklungsgang.  Bei  der 
Descendenztheorie  trat  immer  mehr  ihr  hypothetischer  Charakter 
hervor,  je  mehr  Zoologie,  Botanik  und  Palaontologie  sich  im  Bestreben 
vereinigten,  sie  auf  eine  gesicherte  Basis  zu  stellen.  Immer  mehr 
brach  sich  die  Ueberzeugung  Bahn,  dass  flir  die  sichere  Begriindimg 
der  Théorie  es  notwendig  sei,  eine  Summe  von  fundamental  wichtigen 
Vorfragen  zur  Entscheidung  zu  bringen,  Vorfragen,  welche  allein 
schon  Problème  von  einschneidendster  Bedeutung  darstellen  :  ich 
nenne  als  solche  nur  die  Problème  der  Variabilitat  und  der  Vererbung, 
der  Uebertragung  der  erworbenen  Eigenschaften  auf  die  Nachkom- 
menschaft,  des  Einflusses  und  der  Wirkungsweise  der  Existenzbe- 
dingungen  u.  s.  w. 

Ganz  anders  die  Zellentheorie  !  Man  kann  sagen,  sie  ist  jetzt  keine 
Théorie  mehr,  sondern  eine  fest  und  sicher  begrlindete  Lehre,  die  sich 
immer  mehr  mit  einem  reiclien  Inhalt  von  klaren  Vorstellungen  erfiillt 
hat.  Frliher  einer  der  vielen  Zweige  der  biologischen  Forschung 
ist  sie  jetzt  zu  einer  centralen  Wissenschaft  geworden,  zu  welcher 
die  ubrigen  Forschungsrichtungen,  INIorphologie  und  Entwicklungs- 
geschichte,  Physiologie  und  Pathologie,  Botanik  und  Zoologie  zu- 
ruckfiihren,  je  mehr  sich  ihre  Problème  vertiefen.  Auch  jene  oben 
genannten  grossen  Vorfragen  der  Descendenzlehre  sind  in  letzter 
Instanz  zellulare  Problème. 

Der  gewaltigste  Fortschritt  aber,  welchen  die  Zellenlehre  gemacht 
hat,  betrifït  die  jNIethode  der  Forschung.  Lange  Zeit  liber  eine  rein 
descriptive  Wissenschaft,  versucht  die  Zellenlehre  in  der  Neuzeit  den 
exacten  ^Yissenschaften,Physik  und  Chemie,nachzueifern,die  Erschei- 
nungen  nicht  nur  zu  beschreiben,  sondern  ursachlich  zu  begreifen, 
einerseits  auf  dem  Wege  des  Experiments,  andererseits  durch  die 
Anwendung  exacter  INIessmethoden. 

»  Published  in  Archiv  fur  Zell forschung,  Bd.  I.  pp.  1-32,  1908. 
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Auf  dièse  neueste  Phase  der  Zellenlehre  mochte  ich  in  diesem 
Aufsatz  eingehen.  Da  es  bei  dem  ganz  ausserordentlichen  Urafang, 
welchen  die  Zellenlehre  in  der  Neiizeit  gewonnen  hat,  mir  begreif- 
licherweise  nicht  moglich  ist,  allen  die  Zellforschung  beschiiftigenden 
Fragen  gerecht  zu  werden,  werde  ich  mich  auf  Problème  beschranken, 
welche  mich  in  letzter  Zeit  ganz  besonders  beschaftigt  haben. 

Bei  meinen  Auseinandersetzungen  werde  ich  an  dem  wohl  von  den 
meisten  Biologen  vertretenen  Satz  festhalten,  dass  die  Zelle  die  mor- 
phologische  und  physiologische  Einheit  des  tierischen  und  pflanz- 
îichen  Korpers  ist.  Bekanntlich  hat  es  nicht  an  Bestrebungen  gefehlt, 
welche  in  noch  kleineren  Gebilden,  den  Granula  oder  anderweitigen 
kleinsten  Teilchen  die  eigentlichen  Lebensherde  haben  erblicken 
wollen  ;  dièse  Bestrebungen  haben  aber  bisher  nur  zu  Misserfolgen 
gefuhrt  und  unsrer  Erkenntnis  der  Lebensprozesse  keine  Forderung 
gebracht.  Aehnliches  scheint  mir  von  der  entgegengesetzten  Richtung 
zu  gelten,  welche  zur  Erklarung  der  Lebensvorgange  ein  von  den 
Zellen  unabhjingiges,  nicht  aus  ihrem  Gesamtwirken  resultierendes, 
sondern  iiber  ihnen  stehendes  und  sie  beherrschendes  Organisations- 
prinzip  annimmt.  Ein  derartiges  Prinzip  konnte  immer  nur  ein  vitali- 
stisches  sein.  Wie  aile  vitalistischen  Vorstellungen  stutzt  sich  auch 
dièse  Vorstellung  auf  die  UnvoUkommenheit  unsres  Wissens,  dass 
viele  Erscheinungen  des  Gesamtorganismus  zur  Zeit  noch  nicht  aus 
den  Erscheinungen  des  Zellenlebens  erklârt  werden  konnen.  Daraus 
lolgt  aber  nicht,  dass  das  in  Zukunft  so  sein  wird.  Noch  ist  der  Zeit- 
punkt  nicht  gekommen,  um  mit  Erfolgdie  Fragestellung  in  Angrifï  zu 
nehmen,  wie  eine  Zelle  von  der  anderen  in  ihren  Lebenserscheinungen 
beeinflusst  wird  und  ob  nicht  aus  derartigen  wechselseitigen  Beein- 
flussungen  die  wunderbare  Harmonie  des  Gesamtlebens  resultiert, 
welche  vielen  ein  liber  die  Zellenlehre  hinausgehendes  vitalistisches 
Prinzip  zu  erfordern  scheint.  Wie  hatte  auch  eine  derartige  Forsch- 
ung  Aussicht  auf  Erfolg  zu  einer  Zeit,  in  welcher  wir  erst  anfangen, 
vom  Leben  der  Einzelzelle  ein  tieferes  Verstandnis  zu  gewinnen,  indem 
wir  die  Wechselwirkungen  ihrer  Telle  untersuchen  ?  Es  ist  noch  nicht 
lange  lier,  dass  sich  die  Biologen  damit  begniigten,  den  Kern  als  das 
Organ  der  Vererbung,  das  Protoplasma  als  den  Trager  der  Funktion 
zu  bezeichnen,  ohne  dass  es  moglich  gewesen  wiire,  wenigstens  die 
erstere  Vorstellung  ernsthafter  zu  begriinden.  Derartige  Schlagworte 
sind  fiir  den  Biologen  ebenso  ungeniigend  wie  fiir  den  Chemiker  die 
Unterscheidung  von  Sjiuren  und  Basen.  Wie  der  Chemiker  die  Art 
der  W^echselwirkung  von  Sauren  und  Basen  genauer  untersucht  und 
nach  Mass  und  Gewicht  bestimmt,  so  muss  auch  der  Biologe  fur  den 
Wirkungsanteil  von  Kern  und  Protoplasma  exacte  Massstabe  ge- 
winnen. Und  wie  der  Chemiker  die  qualitative  Beschaffenheit  seiner 
Verbindungen  auf  ihre  Zusammensetzung  aus  Elementen  und  die 
Qualitâten  der  letzteren  zuriickzufuhren  sucht,  so  muss  auch  der 
Biologe  eine  qualitative  Analyse  der  Zellbestandteile  anstreben.    Bei 


62        VII.  INTERNATIONAL  ZOOLOGICAL  CONGRESS 

dem  derzeitigen  Ziistand  der  organischen  Chemie  der  Eiweisskorper, 
bei  ihrem  Unvermogen,  die  Konstitution  derselben  im  toten  Zustand 
des  Materials  zu  erforschen,  geschweige  demi  sie  als  lebendige  Teile 
zu  verstehen,  kann  eine  derartige  Analyse  nur  eine  biologische  sein, 
eine  Analyse  der  Eigenschaften,  welche  als  Anlagen  in  den  Zellbe- 
standteilen  enthalten  sind  und  iin  Laufe  ihrer  Entwicklung  in  die 
Erscheinung  treten. 

Die  Moglichkeit,  das  Dunkel  zu  lichten,  welches  die  intracellu- 
laren  Lebensvorgange  verhuUt,  A^nirde  durch  zwei  ausserordentlich 
bedeutsame  Errungenschaften  der  Biologie  herbeigefuhrt.  Durch- 
schneidungsversuche  an  Protozoen  ergaben,  dass,  wenn  man  dièse 
Tiere  in  kernhaltige  und  kernlose  Stiicke  zerlegt,  die  kernhaltigen 
Teilstiicke  voUkommene  Lebensfiihigkeit  besitzen;  sie  vermogen  die 
verloren  gegangenen  Teile  zu  regenerieren,  aile  normalen  Lebens- 
funktionen  zu  erfuUen,  vor  allem  zu  assimilieren,  zu  wachsen  und 
sich  fortzupflanzen.  Kernlose  Teilstiicke  dagegen  verlieren  sofort 
oder  wenigstens  nach  einiger  Zeit  die  Fiihigkeit  zu  assimilieren;  sie 
sind  daher  unfahig  zu  regenerieren,  zu  wachsen  und  sich  fortzu- 
pflanzen ;  sie  sind  noch  lange  Zeit  reizbar  und  bewegungsfiihig,  aber 
auch  dièse  Funktionen  horen  schliesslich  auf,  weil  der  zu  ihnen  notige 
Vorrat  von  Energie  wohl  aufgebraucht,  beim  ^Nlangel  des  Kernes  aber 
nicht  ersetzt  werden  kann.  Wie  die  Organismen  im  AUgemeinen  so 
konnen  wir  auch  die  einzelligen  Tiere  und  schliesslich  aile  lebenden 
Zellen  als  Maschinen  betrachten,  welche  Arbeit  leisten,  d.  h.  con- 
tractil  sind  und  zu  dieser  Arbeitsleistung  durch  iiussere  Einwirkungen 
veranlasst  werden  konnen  d.  h.  reizbar  sind  ;  aber  sie  sind  zugleich 
Gebilde,  welche  die  den  Maschinen  nicht  zukommende  Fahigkeit 
haben,  sich  selbst  in  der  ihnen  zukommenden  Eigenart  wieder  aufzu- 
bauen,  wenn  sie  sich  durch  Arbeit  verbraucht  haben  und  welche  die- 
sen  Aufbau  auch  unabhangig  von  der  Arbeitsleistung  im  Interesse  der 
Vermehrung  bewirken.  Dièse  bildnerische  Tiitigkeit  der  Zelle  ist  es, 
welche  in  allen  ihren  Phasen  unter  dem  Einflusse  des  Kerns  erfolgt. 

Mit  dieser  auf  sicheren  Beobachtungen  basierenden  Auffassung 
steht  in  voUster  Uebereinstimmung  die  zweite  wichtige  Erkenntnis, 
dass  das  Wesen  der  Befruchtung  in  der  Vereinigung  zweier  Kerne 
besteht,  welche  man  bei  den  hoheren  Tieren  und  Pflanzen  meistens 
als  Ei-  und  Samenkern  unterscheidet,  nicht  weil  sie  selbst  sexuell 
differenziert  sind,  sondern  weil  sie  ans  sexuell  differenzierten  Zellen 
stammen.  Eine  Reihe  vielfach  angefochtener,  nach  meiner  Meinung 
aber  zwingender  Ueberlegungen  hat  ans  dieser  Tatsache  die  Konse- 
quenz  gezogen,  dass  die  Kerne  Trager  der  Vererbung  sind,  dass  sie 
die  Eigenschaften  von  Vater  und  ]\Iutter,  d.  h.  den  Bauplan,  nach 
welchen  der  neue  Organismus  sich  aufbauen  wird,  auf  das  Kind 
iibertragen.  Das  ist  dasselbe  Résultat,  zu  welchem  uns  die  Durch- 
schneidungsexperimente  von  Protozoen  gefiihrt  haben.  Wir  konnen 
uns  das  Leben  eines  Organismus  als  eine  Summe  aufeinanderfolgen- 
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der  Erregungs-  und  Bewegungszustande  auffassen,  deren  Verlauf  und 
Charakter  von  der  Architectonik  des  Substrats  abhiingen,  an  denen 
sich  dieselben  abspielen.  Die  Art,  in  welcher  die  Architectur  des 
Substrats  sich  aufbaut,  erhiilt  und  fortbildet,  wird  vora  Kerne  beein- 
flusst;  sie  ist  das  Produkt  der  gemeinsamen  Tatigkeit  von  Kern  und 
Protoplasma. 

Wenn  wir  nun  den  Versuch  machen,  einen  Einblick  in  die  Wechsel- 
wirkungen  von  Kern  und  Protoplasma  zu  gewinnen,  so  woUen  wir 
von  dem  Satze  ausgehen,  dass,  wie  bei  allen  physikalischen  und 
chemischen  Vorgiingen,  so  auch  bei  den  Lebensprozessen  ein  ge- 
wisses  Massenverhaltnis  der  wirksamen  Telle  gewahrt  sein  muss. 
Und  so  muss  auch  bei  den  Lebensprozessen  der  Zelle  ein  bestinimtes 
Massenverhaltnis  von  Protoplasma  und  Kernsubstanz  vorhanden 
sein,  ein  Verhaltnis,  fur  welches  ich  den  Namen  "Kernplasma- 
Relation"  eingefiihrt  habe. 

Es  ist  eine  alte  Erfahrung,  dass  im  AUgemeinen  kleine  Zellen 
kleine  Kerne,  grosse  Zellen  grosse  Kerne  besitzen.  Es  wird  ein 
Leichtes  sein,  ans  der  biologischen  Literatur  Stellen  zu  zitieren,  in 
denen  in  mehr  oder  minder  bestimmter  Form  liber  dièse  Corrélation 
von  Kern-  und  Zellgrosse  gesprochen  wird.  Das  Neue,  welches  in 
der  Lehre  von  der  Kernplasma-Relation  gegeben  ist,  ist  der  Gedanke, 
dass  das  Massenverhaltnis  von  Kern  zu  Protoplasma,  der  Quotient 
|,  d.  h.  Masse  der  Kernsubstanz  dividiert  durch  Masse  des  Proto- 
plasma, ein  gesetzmassig  regulierter  Factor  ist,  dessen  Grosse  fiir 
aile  vom  Kern  beeinflussten  Lebensvorgiinge  der  Zelle,  fiir  Assimila- 
tion und  organisierende  Tatigkeit,  fiir  Wachstum  und  Teilung  von 
fundamentaler  Bedeutung  ist.  Ich  wurde  zu  dieser  Auffassung  ge- 
fiihrt,  als  ich  sah,  dass  Protozoen  bei  fortgesetzter  Cultur  eine  Zu- 
nahme  ihrer  Kernsubstanz  erfahren,  dass  dann  ihre  Vermehrung 
verlangsamt,  ihre  Teilungsgrosse,  die  Grosse,  bei  welcher  die  Zwei- 
teilung  eintritt,  gesteigert  wird,  dass  eine  iiberraâssige  Vermehrung 
der  Kernsubstanz  schliesslich  zu  tiefgreifenden  Stôrungen  des  Lebens- 
prozesses  fiihrt,  welche  den  Tod  zur  Folge  haben  konnen,  wenn  es 
den  Tieren  nicht  gelingt,  durch  Résorption  von  Kernmaterial  normale 
Zustânde  wieder  herzustellen.  Welchen  bedeutsamen  Einfluss  die 
Masse  an  Kernsubstanz  avif  das  Leben  der  Protozoen  ausiibt,  wurde 
weiterhin  durch  die  Beobachtung  bewiesen,  dass  die  Grosse  der 
Cysten  der  Infusorien  und  die  Zahl  und  Grosse  der  Cysten  bei  Actino- 
sphaerium  ganz  erhebliche  Unterschiede  zeigten,  je  nachdem  sie  von 
Tieren  gebildet  wurden,  die  reich  oder  arm  an  Kernsubstanz  waren. 

Fiir  die  Lehre  von  der  Kernplasma-Relation  sind  von  grosser 
Bedeutung  die  Untersuchungen  Gerasimoff's  an  Spirogyren  und  die 
Untersuchungen  Boveri's  an  Seeigel-Eiern  gewesen.  Gerasimofï  ist  es 
gegliickt,  die  Teilung  von  Spirogyrenzellen  in  der  Art  zu  beeinflussen, 
dass  eine  der  beiden  Tochterzellen  das  gesamte  fiir  die  Tochter- 
kerne  bestimmte  Kernmaterial  erhielt,  die  andere  infolgedessen  bei  der 


64        VII.  INTERNATIONAL  ZOOLOGICAL  CONGRESS 

Verteilung  des  Kernmaterials  leer  ausging.  Erstere  hatte  somit  das 
Doppelte  von  Kernmaterial  einer  gewohnlichen  Zelle  ;  sie  wuchs  zu 
aussergewohnlicher  Grosse  heran,  ehe  sie  sich  von  neuem  teilte;  ihre 
Abkommlinge  behielten  den  durch  die  Kernverdoppelung  eingeleiteten 
Riesenwuchs  der  Zelle  bei.  Gerasimoff  konnte  daraus  den  Schluss 
ziehen,  dass  die  Kerngrosse  die  Zellgrosse  bestimmt. 

Boveri  endlich  verglich  die  Furchungsstadien  hemikaryotischer, 
amphikaryotischer  und  diplokaryotischer  Seeigel-Eier  untereinander. 
Amphikaryotisch  nennt  er  normal  befruchtete  Eier,  welche  beiderlei 
Kerne,  sowohl  Ei-  wie  Samenkern  und  demgemass  die  normale 
Chromosomenzahl  36  enthalten;  hemikaryotisch  sind  dagegen  Eier, 
welche  nur  einen  der  beiden  Geschlechtskerne  und  demgemass  auch 
nur  die  halbe  Chromosomenzahl  enthalten,  entweder  den  weiblichen 
—  das  trifft  fiir  kiinstliche  Parthenogenesis  zu  — -  oder  den  mann- 
lichen — das  ist  der  Fall  bei  der  sogenannten  ^Merogonie,  der  Befruch- 
tung  von  Eiern,  welche  den  Eikern  verloren  haben.  Diplokaryotisch 
endlich  sind  Eier,  bei  denen  eine  Verdoppelung  der  Chromosomen- 
zahl des  normal  befruchteten  Eies  eingetreten  ist.  Dies  kann  dadurch 
herbeigefuhrt  werden,  dass  die  erste  Furchung  unterdrlickt  wird, 
nachdem  die  Chromosomen  sich  geteilt  haben  und  die  Kernsubstanz 
somit  den  mit  jeder  Teilung  verbundenen  Zuwachs  auf  das  Doppelte 
ihrer  urspriinglichen  Masse  erfahren  schon  hat.  Die  durch  die  Teilung 
auf  die  doppelte  Zahl  vermehrten  Chromosomen  fliessen  dann  wieder 
in  einen  Kern  zusammen.  Wenn  nun  das  Ei  sich  erholt  und  weiter- 
entwickelt,  besitzt  es  zur  Zeit  der  Zweiteilung  doppelt  so  viele  Chro- 
mosome, d.  h.  doppelt  so  viel  Kernsubstanz  wie  ein  normales  in 
Zweiteilung  begriffenes  befruchtetes  Ei.  Unterwirft  man  die  drei 
besprochenen  Versuchsreihen  einer  genauen  Untersucliung  und  ver- 
gleicht  dabei  korrespondierende  Entwicklungsstadien,  d.  h.  Stadien, 
welche  den  gleichen  Zustand  morphogenetischer  Entwicklung  auf- 
weisen,  ganz  ohne  Riicksicht  auf  die  Zahl  der  vorausgegangenen 
Teilungen  (z.  B.  Blastulae  bei  Beginn  der  Mesenchymbildung,  be- 
ginnende  Gastrulae,  Plutei,  u.  s.  w.),  so  stellt  sich  heraus,  dass  auf 
gleichem  Stadium  die  Kerne  eines  hemikaryotischen  Eies  halb  so  viele 
Chromosomen  haben  als  die  Kerne  eines  amphikaryotischen  und  dièse 
wieder  halb  so  viele  wie  die  Kerne  eines  diplokaryotischen.  Es  stellt 
sich  ferner  heraus,  dass  dasselbe  Verhâltnis  auch  fiir  die  Grossen  der 
Zellen  gilt.  Die  Zellgrossen  eines  hemikaryotischen,  amphikaryotis- 
chen und  diplokaryotischen  Eies  verhalten  sich  ebenfalls  zu  einander, 
wie  1:2:4.  Veranderungen  der  Chromosomenzahlen  und  der  durch 
sie  bedingten  Kerngrossen  haben  somit  zu  entsprechenden  Veran- 
derungen der  Zellgrossen  gefiihrt.^    Dièse  Corrélation  von  Kerngrosse 

'  Was  die  Kerngrosse  anlangt,  so  wird  dieselbe  liei  den  blaschenfôrmigen 
Kemen  der  vielzelligen  Organismen  und  vieler  Protozoen  nicht  nur  von  dem  Ge- 
halt  an  spezifischer  Kernsubstanz  (Cliromatin)  bestimmt,  sondern  auch  von  der 
Anwesenheit  accessorischer  Bestandteile,  vor  AUem  von  Flussigkeit  (dem  Kern- 
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und  Zellgrosse  ist  besonders  auffallend  in  den  Fiillen,  in  welchen  die 
zu  Anfang  der  Entwicklung  vorhandene  Masse  der  Eisubstanz  die 
gleiche  war,  wie  bei  allen  amphikaryotischen  und  diplokaryotischen 
Eiern  ;  ferner  auch  bei  hemikaryotischen  Eiern,  welche  durch  kiinst- 
liche  Parthénogenèse  gewonnen  wurden,  sofern  sie  eine  normale 
Abfurchung  erfahren  haben.  Denn  dann  mlissen  sich  die  Zahlen  der 
jedesmal  vorhandenen  Embryonalzellen  umgekehrt  verhalten  wie 
ihre  Grossen  ;  es  liât  auf  gleichem  morphogenetischem  Stadium  ein 
hemikaryotisches  Ei  sich  einmal  mehr  geteilt  als  ein  amphikary- 
otisches,  und  dièses  wieder  einmal  mehr  als  ein  diplokaryotisches, 
um  die  normale  Kernplasma-Relation  einzuhalten. 

saft).  Boveri  fand  nun,  dass  nicht  der  Kerninhalt,  sondern  die  Kernoberflâche 
proportional  der  Chromosomen  zunimmt.  Daraus  wûrde  sich  ergeben,  dass  Kerne 
mit  vielen  Chromosomen  unverhaltnismâssig  mehr  Fliissigkeit  aufnehmen  als 
Kerne  mit  wenigen  Chromosomen.  Ein  Kern  mit  der  vierfachen  Chromosomenzahl 
wûrde  im  ruhenden  Zustand  das  Achtfache  an  Fliissigkeit  enthalten.  Wahrschein- 
lich  wird  ûbrigens  der  î'iûssigkeitsgehalt  der  Kerne  von  vielerlei  anderen  neben- 
sâchlichen  Factoren  abhângen,  z.  B.  Masse  und  Flùssigkeitsgehalt  des  umgebenden 
Protoplasma. 

Die  Untersuchungen  Boveri's  sind  von  grossem  Interesse  fur  die  Frage  nach 
den  Ursachen  formbildender  Prozesse  in  der  Embryonalentwicklung.  Es  zeigt 
sich,  dass  der  Eintritt  bestimmter  entwicklungsgeschichtlicher  Vorgânge  wie  z.  B. 
der  Mesenchymbildung,  der  Gastrulation,  voraussichtlich  auch  der  histogencti- 
schen  Prozesse  weder  an  einen  bestimmten  Teilungsschritt  noch  an  eine  bestimmte 
Zellgrosse  gebunden  ist.  Offenbar  ist  ein  bestimmter  Zustand  der  KernpLisma- 
Relation  massgebend;  die  Kerne  wachsen  im  Lauf  der  Teilungen  auf  Kosten  des 
Protoplasmas  heran,  bis  der  zur  Ôrganbildung  nôtige  Grad  des  Chromatin- 
Wachsthums  und  damit  die  nôtige  Kernplasma-Relation  erreiclit  ist.  Dieselbe 
tritt,  gleiche  Temperatur  vorausgesezt,  auf  einer  frùheren  Teilungsstufe  ein,  wenn 
das  Protoplasma  des  Eies  im  Vergleich  zur  Norm  eine  Verkleinerung  oder  det 
Kern,  z.  B.  bei  diplokaiyotischen  Eiern  eine  Vergrôsserung  erfahren  hat.  Zu  ana- 
logen  Resultaten  haben  die  Kâlteexperimente  von  Marcus  gefùhrt.  Amphikary- 
otische  Eier  gastrulieren  und  bilden  Mesenchym  in  der  Kàlte  auf  einem  friiheren 
Teilungsstadium  als  in  der  Wârme.  Die  entsprechenden  Entwicklungszustânde 
haben  daher  in  der  Kâlte  weniger  und  grôssere  Zellen,  zugleich  aber  auch  erheb- 
lich  grôssere  Kerne  als  in  der  Warme.  Frâulein  Erdmann,  eine  im  Miinchner 
Zoologischen  Institut  arbeitende  Dame,  hat  dièse  Verhaltnisse  fiir  drei  verschie- 
dene  Temperaturen  genauer  untersucht  und  ist  zum  Résultat  gekommen,  dass 
Seeigellarven  zur  Zeit,  in  welcher  sie  das  Mesenchym  bilden  oder  gastrulieren, 
ungefâhr  gleichviel  Chromatin  in  der  Wârme,  oder  bei  Zimmertemperatur  oder  in 
der  Kâlte  besitzen,  so  sehr  sie  sich  auch  in  Bozug  auf  Gnisse  und  Zahl  der  Fur- 
chungszellen  unterscheiden.  Ob  freilich  die  Chromatinmengen  vollkommen  gleich 
sind,  ist  mir  fraglich,  ist  auch  bei  der  Unsicherheit  der  Bestimrnungsmethode 
nicht  mit  Sicherheit  zu  entscheiden.  Die  im  unten  besprochenen  Expérimente  an 
Protozoen,  welche  zeigen,  dass  in  der  Kâlte  die  Kernplasma-Relation  zugunsten 
des  Kerns  vc-rschoben  ist,  machen  es  wahrschcinlich,  dass  Kâltelarven  trotzgerin- 
gerer  Kernzahl  chromatinreicher  sind  als  korrespondierende  Wârmelarven. 

Dass  nicht  der  absolute  Gehalt  an  Kernsubstanz  der  massgebende  Faktor  ist, 
wird  sich  durch  das  Studium  merogoner  Larven  entscheiden  lassen.  Offenbar 
tritt  hier  ]\Iesenchymbildung  und  Gastrulation  bei  einer  bestimmten  Zellgrosse 
ein,  unbekûmmert,  ob  das  zur  Entwicklung  gelangte  Eistûck  von  Anfang  an 
gross  oder  klein  gewesen  ist,  wovon  die  Zahl  der  Teilungen,  welche  dem  betreffen- 
den  Entwicklungsvorgange  vorausgegangen  sind,  wieder  abhângt.  Ferner  ist  zu 
beachten,  dass  môglicherweise  nicht  die  Kernplasma-Relation  als  solche  die  mor- 
phogenetischen  Prozesse  auslôst,  sondern  vielleicht  die  Beschaffenheit  des  Zell- 
plasma,  welches  durcli  die  bestândige  Abgabe  von  Substanzen  an  die  Kerne 
notgedrungen  wâhrend  des  Furchungsprozesses  eine  Verànderung  seiner  Bes- 
chaffenheit erfahren  muss. 
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FiG.  1.   Acanthochiasma  Krohrii  ;  Kern  mit  gros- 
sem  Nucleolus  und  màchtiger  Kernrindenschicht. 


Was  ich  hier  Uber  die  Untersuchungen  Gerasimoff's,  Boveri's  und 

meine  eigenen  Arbeiten  gesagt  habe,  lasst  erkennen,  dass  die  Kern- 

plasma-Relation  nicht  nur  ein  bedeutsamer  Factor  im  Zellenleben  ist, 

sondern  auch  ein  Factor,  welcher  eine  exacte  Bestimmung  gestattet. 

Damit  haben  wir  eine  ge- 
sicherte  Basis  gewonnen, 
von  welcher  ausgehend  wir 
die  Verânderungen,  welche 
die  Organisation  der  Zelle 
jei  ihrer  Lebenstatigkeit, 
beim  AYachstum,  bei  ihrer 
histologischen  Umbildung 
und  Vermehrung  erfahrt, 
ebenfalls  einer  exacten 
U  n  t  e  r  s  u  c  h  u  n  g  ziigangig 
machen  konnen.  Ehe  wir 
jedoch  dièse  zweite  und 
wichtigere  Aufgabe  meines 
Vortrages  in  Angriiï  neh- 
men,  bedurfen  zuvor  einige 
Punkte  der  KlarsteHung. 

Zuniichst  muss  ich  Falle 
ausscheiden,   in    denen   der 

Begriff   Kern  plasma-Relation  in  der    bisher   besprochenen    Fassung 

nicht  anwendbar  ist;  das  sind  die  Falle,  in  denen  nucleare  Substanzen 

ausserhalb  des  Kerns  vorhanden  sind,  in  denen  somit  Grôssenbestim- 

mungen    des    Kerns   fur   die    INIenge    des    tatsachlich    vorhandenen 

Kernmaterials   keinen    Massstab   liefern.      In  beistehenden  Figuren 

habe    ich    Abbildungen    von 

Radiolarien   und   Monothala- 

mien    zusammengestellt.    Der 

Kern   der  in   Figur    1   darge- 

stellten  Acanthometride  ist  von 

einer  machtigen  Rindenschicht 

umgeben,  iiber  deren  Zugeho- 

rigkeit  zum  Kern  kein  Zweifel 

bestehen  kann.     Bei  den  ]\Io- 

nothalamien    ist    das    Aequi- 

valent    dieser    Rindenschicht 

aufgelockert    zu    einem  Netz- 

werk,  welches  sich  mit  unre- 

gclmassigen  Auslaufern  in  das  Fig.  2 

Protoplasma     hineinerstreckt, 

gar  keine  Beziehungen  mehr  zum  Kern  erkennen  liisst  und  auch  die 

langste  Zeit  als  ein  Teil  des  Protoplasma  angesehen  wurde  (Fig.  2). 

Dièses  "  Chromidialnetz,"  wie   ich  das   Netz  genannt   habe,   spielt 


,  71 


m- 


ArceUavulgari.^,  s,  Schalonmûndung; 
71,  Kern;  ch,  C'aromidialnetz. 
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Pk;.  'A.    Muski'lzclle  von  Ascaris  mit 
Cliromidien  (nach  Goldsclimidt). 


unzweifelhaft  bei  den  Funktionen  des  Kerns  eine  grosse  Rolle;  aber 

es  lasst  sich  nicht  quantitativ  bestimmen,  sodass  uns  die  Kernplasma- 

Relation  hier  ganz  im  Stiche  lasst.     Aehnliches  gilt  auch  von  vielen 

Zellen    metazoer   Tiere;  ich   verweise  hier  ganz   besonders  auf  die 

riesigen  Zellen  der  Nematoden  (Fig.  3),  welche  sich  mit  minimalen 

Kernen  begniigen,  weil,  den  Unter- 

suchungen    Goldschmidt's    zufolge, 

ausser  den  Kernen  ein  machtig  en- 

twickelter    Chromidialapparat    den 

Zellkorper    nach   allen    Richtungen 

hin  durchsetzt.    Analoge  Falle  sind 

sicherlich  im  Tierreich  weit  verbrei- 

tet  und  werden  jetzt,  wo  die  Auf- 

merksamkeit   auf  sie  gerichtet    ist, 

noch  haufig  beschrieben  werden. 

Aber  auch  fiir  die  Falle,  in  denen 
aile  Kernsubstanz  im  Kern  enthalten 
ist,  welche  inTier-  und  Pflanzenreich 
die  Regel  bilden,  bedarf  der  Begrifî 
der  Kernplasma-Relation  noch  einer 
prâciseren  Fassung,  als  es  bisher  der 
Fall  war.  Wir  werden  im  Folgenden  sehen,  dass  die  Kernplasma- 
Relation  in  den  verschiedenen  Phasen  des  Zellenlebens  eine  ver- 
schiedene  Grosse  hat,  dass  sie  zwischen  zwei  aufeinander  folgenden 
Zellteilungen  ganz  erheblichen,  zugleich  aber  voUkommen  gesetz- 
mâssigen  Abânderungen  unterworfen  ist.  Wir  sind  daher  gezwungen 
einen  bestimmten  uberall  vergleichbaren  Zustand  unseren  Betrach- 
tungen  zugrundezulegen.  Als  einen  solchen  Zustand  wiihle  ich 
das  Verhalten  der  jugendlichen  Zelle,  welche  eben  aus  der  Teilung 
hervorgegangen  ist  und  nun  anfângt,  sich  von  Neuem  zu  ernah- 
ren,  um  abermals  heranzuwachsen  und  sich  zu  teilen.  Ich  werde 
im  Folgenden  diesen  Zustand  der  Kernplasma-Relation,  mit  welchem 
die  Zelle  in  eine  neue  Phase  ihrer  Existenz  eintritt,  die  Kernplasma- 
Norin  nennen. 

Und  noch  einen  dritten  Punkt  muss  ich  hervorheben,  Wie  ailes 
Lebende,  so  ist  auch  die  Zelle  ein  veranderliches  Gebilde,  welches 
teils  unter  dem  Einfluss  ausserer  Existenzbedingungen,  teils  aus 
inneren  Ursachen  Abânderungen  unterworfen  ist.  Das  gilt  selbstver- 
standlich  auch  fUr  die  Kernplasma-Relation, 

Was  die  ausseren  Bedingungen  anlangt,  so  lasst  sich  ihr  Einfluss 
am  schonsten  fiir  die  Temperatur  erweisen.  Ich  war  bei  meinen 
Untersuchungen  iiber  Protozoen  aufmerksam  geworden,  dass  in  der 
Kâlte  gezogene  Infusorien  erheblich  grosser  sind,  als  Individuen  der- 
selben  Art,  welche  im  Zimmertemperatur  oder  gar  im  Thermostaten 
bei  25°-30°  C.  gehalten  wurden,  dass  ferner  die  Kerngrôsse  bei 
ihnen  in  erheblicherem  Masse  zugenommen  hatte  als  die  Zellgrosse. 
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Es  war  somit  unter  dem  Einfluss  der  Kiilte  eine  Verschiebung  der 
Kern  plasma-Relation  zugimsten  des  Kerns  eingetreten.  Ich  habe 
diesen  Einfluss  den  verschiedensten  Ilichtungen  hin  verfolgen  lassen, 
Ueber  einen  Teil  der  Ergebnisse  mochte  ich  in  kurzem  berichten. 
INIein  Assistent  Herr  Dr.  Popofî  untersuchte  ein  Infusor,  welches  zu 
derartigen  Beobachtungen  ganz  besonders  geeignet  ist,  weil  sich  bei 
ilim  Grossenbestimmungen  von  Kern  und  Protoplasma  mit  grosserer 
Genauigkeit  ausfuhren  lassen  als  bei  den  meisten  anderen  Infusiorien, 
die  Fro)itonia  leucas.  Die  Arbeit  batte  den  Zweck,  die  Grossen- 
zunahme,  welche  Kern  und  Protoplasma  zwischen  zwei  aufeinander- 
folgenden  Teilungen  erfahren,  miiglichst  genau  zu  bestimmen  und  in 
Curven  graphischdarzustellen.  Das  ist  nun  in  der  Tabelle  I  gesche- 
hen  und  zwar  fur  zwei  verschiedene  Tempera turen,  die  Temperatur 
von  14°  und  25°  Celsius;  die  Wiirmecurven  sind  durch  ausgezogene 
Linien,  die  Kaltecurven  durch  punktirte  Linien  gegeben. 

TABELLE    I 
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Die  Linien  o,  und  a'  beziehen  sich  auf  die  Kerngrosse,  die  Linien 
h  und  h'  auf  die  Protoplasma griissen.  Als  Einheitsmass  liegt  den  Cur- 
ven die  Grosse  des  soeben  aus  der  Theilung  hervorgegangen  Wiirme- 
kerns   zugrunde.       Auf    dem    correspondierenden    Stadium   ist  der 
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Kiiltekem  1,  6  mal  so  gross  als  der  Warmekern,  der  Protoplasmakor- 
per  des  Warmetiers  64-67  mal  so  gross,  der  Protoplasmakorper  des 
Kiiltetiers  SI  mal  so  gross  (oder  54  mal  so  gross  als  der  Kern  des 
Kiiltetiers).  WuUte  maii  dièse  Grossenverhaltnisse  des  Protoplasma- 
korpers  in  die  Curven  eintragen,  so  wurde  die  Tabelle  ein  riesiges 
Format  erhalten.  Um  dies  zu  verhindern,  sind  die  Protoplasmawerte 
durch  40  dividiert  (f^  =  1  .  6;  |i  =  2  .  2),  d.  h.  eine  Einhcit  der 
Kerncurven  entspricht  40  Einheiten  der  Protoplasmacurven.  \Yahr- 
end  die  INIasse  von  Kern  und  Protoplasma  auf  den  Ordinaten  ein- 
getragen  sind,  geben  die  Abteilungen  der  Abscisse  die  Zeitintervalle 
wieder.  In  der  Warme  teilt  sich  Frontonia  aile  17  Stunden  einmal, 
in  der  Kiiltecultur  bedarf  der  Teilungsprozess  ungefahr  das  Funffache 
an  Zeit  (SO  -90  Stunden).  Um  die  Wiirme-  und  Kaltecurven  vergleich- 
bar  zu  machen,  entspricht  jeder  Teilstrich  der  Abscisse  fiir  die  Warme- 
cultur  1  Stunde,  fiir  die  Kaltecultur  circa  5  Stunden.  Die  Distanzen 
a-b  und  a'~b'  geb?n  uns  die  Kernplasma-Relation  an,  ihre  Grosse 
am  Anfang  der  Curve  die  Kernplasma-Norm. 

Man  sieht  auf  den  ersten  Blick,  dass  die  Kaltecurven  holier  liegen 
als  die  entsprechenden  Wiirmecurven,  dass  also  der  Gesammtkorper 
des  Tieres  wie  auch  der  Kern  in  der  Kalte  absolut  grosser  ist  als  in 
der  Warme.  Zugleich  sieht  man  aber  auch,  dass  die  Kerncurve  von 
der  Protoplasmacurve  in  der  Kiilte  durch  einen  geringeren  Abstand 
getrennt  ist  als  in  der  Wiirme,  d.  h.  die  Kernplasma-Norm  reprjisentiert 
in  der  Kiilte  einen  hohereu  Wert  (5^4)  als  in  der  Wiirme  (-si)  ;  die  Kern- 
plasma-Relation ist  in  der  Kalte  zugunsten  des  Kernes  verschoben. 

Wie  die  Kernplasma-Relation  von  der  Tempera tur  beeinflusst 
wird,  zeigen  zwei  weitere  Untersuchungen,  welche  an  Seeigeleiern 
vorgenommen  wurden.  Die  Tabelle  II,  zu  welcher  eine  Dame,  Frl. 
Erdmann  auf  meinc  Veranlassung  das  notige  Untersuchungsmaterial 
geHefert  hat,  gibt  eine  Darstellung  der  Grossen,  welche  die  Chromo- 
somen  auf  dem  Stadium  der  Aequatorialplatte  bei  einer  Tempera  tur 
von  10°,  16°,  und  20°  C.  erreichen.  Die  Messungen  wurden  ausge- 
fiihrt  fiir  die  2,  4,  S,  16,  32  Teilung,  fiir  Karyokinesen  einer  friihen 
und  einer  spaten  Blastula,  einer  friihen  und  spaten  Gastrula  und  des 
entwickelten  Pluteus.  Es  ist  selbstverstândlich,  dass  die  berechneten 
W^erte  keine  exacten  Grossen bestimmungen  sind,  sondern  nur  rela- 
tive Giltigkeit  haben.  Sie  reichen  aber  aus,  um  zu  beweisen,  dass 
die  Chromosomen  der  Warmetiere  erheblich  kleiner  sind  als  die  der 
Kaltetiere  auf  entsprechenden  Stadien.  Bei  der  Zwei-  und  Vierteilung 
ist  der  Unterschied  ein  geringer,  er  steigert  sich  aber  im  Lauf  des 
Furchungsprozesses,  so  dass  schliesslich  die  "  Warmechromosomen  " 
2-3  mal  so  klein  sind  als  die  "Kiiltechromosomen."  Da  nun  die  Zahl 
der  Chromosomen  constant  ist  und  auch  die  Grossen  der  Zellen  auf 
gleichen  Stadien  der  Warme-  und  Kaltecultur  ungefahr  dieselben  sind, 
so  ergibt  sich  aus  dieser  Untersuchung  abermals  eine  den  Tempera- 
turen  proportionale  Verschiebung  der  Kernplasma-Relation. 

Die  Figuren  4-6  endlich  sind  einer  schon  veroffentlichten  Arbeit 
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von  Marcus  entnommen;  sie  stellen  Seeigellarven  dar,  welche  in 
^Ya^me  und  Kalte  gezuchtet  und  auf  gleichen  Entwicklungsstadien 
abgetotet  worden  waren.  Gewahlt  wurde  der  Beginn  der  jNIesenchym- 
bildung.  (Fig.  4  u.  5.)  Die  dritte  Zeichnung  (Fig.  6)  gibt  Teile  von 
Larven,  in  denen  die  Bildung  des  Hydrocoels  begonnen  batte.  iVuf  der 
linken  Seite  sind  die  Kàltelarven  alDgebildet,  auf  der  rechten  Seite  die 
Warmelarven.    Ein  Biick  auf  die  Zeichnungen  geniigt,  um  zu  zeigen, 

TABELLE   II 


Kalte  (10°  C). 

Zimmertemp. 

Warme 

(20°  C). 

(16°- 

17°  C). 

o. 
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c. 

b. 
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b. 

c. 

140  Min. 

i 

i 

100  Min. 

100  Min. 

2 

19.17 

19.17 
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50  Min. 

40  Min. 

40  Min. 

4 
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10.34 

) 

8.93 

65  Min. 

50  Min. 

30  Min. 

8 

8.52 

7.91 

6.32 

95  Min. 

74  Min. 

50  Min. 

16 

7.24 

5.15 

5.00 

164  Min. 

109  Min. 

110  Min. 

32 

5.46 

4.31 

2.53 

580  Min. 

115  Min. 

100  Min. 

64-128 

4.51 

3.46 

1.85 

1060  Min. 

152  Min. 

110  Min. 

Blastula 

3.58 

2.41 

1.22 

I 

1120  Min. 

230  Min. 

220  Min. 

Elastula 

2.76 

2.08 

1.06 

II 

1900  Min. 

350  Min. 

390  Min. 

Gastrula 

1.92 

1.46 

0.88 

I 

2210  Min. 

550  Min. 

410  Min. 

Gastrula 

1.00 

0.5 

0.33 

II 

1230  Min. 

795  Min. 

700  Min. 

Pluteus 

0.4. 

0.2. 

0.14 

Tabelle  der  Chromosoraengrôssen  des  Seeigeleies  auf  verschiedenen  Stadien 
der  Entwicklung  und  bei  verschiedenen  Temperaturen  (nach  Rhoda  Erdmann). 
Columne  a  bedeutet  die  einzelnen  Stadien  (zwei,  vier,  etc.  Theilung);  Columne  b 
enthâlt  die  korrespondirenden  Chromosomengrôssen  in  Cubikmikra  ausgedrûckt; 
Columne  c  das  zwischen  zwei  successiven  Stadien  verflossene  Zeitinterval. 

dass  die  Kàltelarven  weniger,  daflir  aber  grossere  Zellen  haben  als 
die  korrespondierenden  Warmelarven,  dass  besonders  aber  ihre 
Kerne  grosser  sind.  Marcus  hat  nun  auch  durch  Messungen  annii- 
hernd  die  Grossen  der  Zellen  und  ihrer  Kerne  zu  bestimmen  versucht 
und  zwar  fiir  drei  Culturen,  Warme,  Zimmer  und  Kiilte.  Es  stellte 
sich  heraus,  dass  die  Zellgrossen  sich  zu  einander  verhielten  wie 
1  :  1^  :  2^,  die  Kerngrossen  dagegen  wie  1  :  2|  :  3^.  Dièse  Zalilen 
liefern  uns  dasselbe  Ergebnis,  zu  dem  wir  schon  bei  Protozoen  gelangt 
sind  :  dass  die  Zellen  in  der  Kiilte  grosser  sind  als  in  der  Warme  und 
nicht  nur  absolut  sondern  auch  relativ  grossere  Kerne  besitzen. 
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Sicherlich  gibt  es  noch  andere  iiussere  Einflusse,  welche  die  Kern- 
plasma-Relation  modifizieren,  nur  dass  sie  bis  jetzt  noch  keine 
methodische  Untersuchung  erfahren  haben.  Hier  eroffnet  sich  uns 
noch  ein  Feld  reicher  Tiitigkeit,  welches  sicherhch  nicht  nur  grosses 
theoretisches  Interesse  sondern  voraussichtHch  auch  einmal  grosse 
praktische  Bedeutung  gewinnen  wird.  Wir  wissen,  welchen  grossen 
Einfluss  auf  den  Ablauf  der  Lebensvorgange  mechanische,  elektrische 
und  chemische  Einwirkungen  ausiiben.     Es  liisst  sich  mit  Sicherheit 


FiG.  5. 


FiG.  6.  Entodermzellen 
zur  Zeit  der  Bildimg 
des  Hydrocoels,  a,  Kâl- 
teform,  b,  Wârmeform 
(nach  Marcus). 


FiG.  4. 

Blastulae  von  Strongylocentrotus  lividus  ira  Beginn  der 
Mesenchymbildung,  4,  Kalteform,  5,  Wârmeform 
(nach  Marcus). 

voraussetzen,  dass  auch  die  Structur  der  Zelle  von  diesen  Factoren 
beeinflusst  werden  wird.  Wahrscheinhcli  wird  die  Kernplasma- 
Rekition  uns  fiir  die  Grosse  der  VerJinderungen  einen  Massstab  an 
die  Hand  geben. 

Neben  den  âusseren  Einflussen  hatte  ich  oben  unter  den  dië 
Kern  plasma-Relation  verandernden  Factoren  auch  innere  Ursachen 
genannt.  Ich  will  sie  die  autogenen  oder  functionellen  nennen,  weil 
sie  aus  der  Vergangenheit  der  Zelle  hervorwachsen  und  in  Functions- 
zustJinden  der  Zelle  ihre  Ursache  haben.  Am  leichtesten  gelingt  es, 
die  einschlagigen  Verlialtnisse  fiir  Infusorien  zu  erlâutern.  Cultiviert 
man  Individuen  derselben  Art  langere  Zeit  unter  gleichen  Existenzbe- 
dingungen,  so  findet  man  einerseits  Grossenunterschiede,  welche  da- 
durch  bedingt  sind,  dass  die  einen  Tiere  erst  kiirzlich  aus  einer 
Teilung  hervorgegangen  sind,  andere  wieder  kurz  vor  der  Teilung 
stehen,  Grossenunterschiede,  welche  somit  auf  das  verschiedene  Alter 
der  einzelnen  Individuen  zuriickzufuhren  sind.  Ausserdem  findet 
man  aber  auch  Grossenunterschiede  zwischen  Tieren,  welche  sich  auf 
korrespondierenden  Entwicklungsstadien  befinden.  Am  leichtesten 
iiberzeugt  man  sich  von  der  Existenz  dieser  zweiten  Kategorie  von 
Grossenunterschieden  durch  Untersuchung  von  Tieren,  die  gerade  im 
Begriff  sind,  sich  zu  teilen.  Man  findet,  dass  die  Teilungsgrossen  bei 
Individuen  derselben  Art  und  derselben  Cultur  ganz  erheblich  dif- 
ferieren.  Die  Grossenunterschiede  sind  nicht  geringer  als  die,  welche 
man  durch  Cultur  bei  verschiedenen  Tempera turen  erhalt.  Sie 
konnen  wie  dièse  nur  durch  verschiedene  Grosse  der  Kern  plasma- 
Relation  erklart  werden,  dass  in  einer  Infusoriencultur  einige  Tiere 
grossere  Kerne  besitzen  und  daher  eine  bedeutendere  Teilungsgrosse 
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erreichen  als  andere.  Wie  dièse  Variabilitat  der  Teilungsgrossen  mog- 
lich  ist,  setzt  eine  genaue  Kenntnis  der  Veranderungen  voraiis,  welche 
die  Kernplasma-llelation  im  Lauf  des  Wachstums  und  bei  der  Tei- 
lung  der  Zelle  erfàhrt.  Damit  werden  wir  zu  dem  zweiten  Teil  die- 
ser  Auseinandersetzung  ubergeleitet,  welcher  die  Bedeutung  der  Lehre 
von  der  Kernplasma-Relation  flir  die  Erscheinungen  des  Wachstums 
und  der  Teilung  zu  behandeln  hat. 

Das  Wachstum  der  Zelle  beruht  darauf,  dass  die  Zelle  assimiliert. 
Assimilation  von  Nahrung  und  Verwendung  derselben  zum  Aufbau 
lebenden  IMaterials  erfolgt,  wie  wir  gesehen  haben,  nur  unter  dem 
Einfluss  des  Kerns.  Unsere  Frage  lautet  somit:  In.  welcher  Weise 
ist  der  Kern  an  diesen  hochwichtigen  Vorgàngen  heteiligt  und  welche 
Veranderungen  erfàhrt  seine  Beschaffenheit  im  Lauje  seiner  bei  der 
Assimilation  der  Zelle  ausgeûhten  Tàtigkeit? 

Es  ist  merkwurdig,  wie  wenig  dièse  Frage,  deren  fundamentale 
Bedeutung  ohne  weiteres  einleuchtet,  die  Beachtung  der  Biologen 
gefunden  hat.  Nur  selten  hat  man  versucht  sich  an  der  Hand  von 
Beobachtungen  Vorstellungen  zu  bilden,  in  welcher  Weise  der  Kern 
seinen  bestimmenden  Einfluss  ausubt;  noch  weniger  hat  man  ver- 
sucht dièse  Vorstellungen  experiraenteller  Prlifung  zu  unterwerfen, 
obwohl  die  INIoglichkeit  hierzu  voUkommen  gegeben  ist. 

Ueber  die  Art,  in  welcher  der  Kern  Einfluss  auf  das  Protoplasma 
behufs  Zustandekomnien  der  Funktion  ausubt,  kann  man  sich  ver- 
schiedene  Vorstellungen  bilden.  Man  konnte  zunachst  an  dynamische 
Wirkungen  denken,  an  moleculare  Scliwingimgen,  welche  sich  von 
der  Kernsubstanz  auf  das  Protoplasma  fortsetzen  und  hier  chemische, 
die  Arbeitsleistung  vermittelnde  Umsetzungen  hervorrufen.  Ange- 
sichts  der  Tatsache,  dass  die  Kerne  namentlich  bei  Protozoen  im  Lauf 
der  Funktion  ganz  intensive  Structurveranderungen  erfahren,  sind 
derartio-e  dvnamische  Einwirkungen  iiusserst  unwahrscheinlich.  Viel 
wahrscheinlicher  ist  es,  dass  die  Wechselwirkung  von  Kern  und  Pro- 
toplasma durch  Stoffaustausch  vermittelt  wir-d.  Hier  liegt  es  nun  am 
nJichsten,  anzunehmen,  dass  der  Kern  an  das  Protoplasma  kleinste 
Teilchen  abgibt,  welche  die  Funktionen  auslosen,  sei  es,  dass  sie  sich 
mit  Teilen  des  Protoplasma  zur  funktionierenden  Substanz  verbinden, 
sei  es,  dass  sie  durch  das  Protoplasma  activiert  werden  und  so  selbst 
die  functionierende  Substanz  darstellen.  In  letzterer  Richtung  bewegt 
sich  die  von  de  Vries  aufgestellte  Lehre  von  der  intracellularen  Pange- 
nesis,  welche  in  weitesten  Kreisen  Beifall  gefunden  hat.  De  Vries 
stellt  sich  bekanntlich  jeden  Organismus  vor  als  eine  Summe  ver- 
schiedener  Eigenschaften,  welche  an  besondere  Eigenschaftstrager 
gebunden  sind,  welche  er  "Pangene"  nennt.  Der  Kern  ist  das  Organ 
der  Vererbung,  weil  er  die  Pangene  in  inactivem  Zustand,  d.  h.  als 
Anlagen  enthiilt;  das  Protoplasma  dagegen  enthiilt  die  activen  Pan- 
gene und  zwar  je  nachdem  eine  Muskel-,  Driisen-  oder  Nervenzelle 
gegeben  ist,  Pangene  verschiedener  Art.     Der  Einfluss,  welchen  der 
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Kern  auf  das  Protoplasma  ausUbt,  besteht  darin,  dass  er  die  jedesmal 
fiir  die  Funktion  notigen  Pangene  abgibt,  welche  in  das  Protoplasma 
gelangen,  in  dem  neugewonnenen  Mutterboden  ernahrt  werden,  sich 
vermehren  und  in  den  activen  Zustand  ubergehen.  Dièse  Aufi'as- 
sungsweise  macht  die  von  de  Vries  freilich  nicht  besonders  ausge- 
sprochene  iVnnahme  notig,  dass  der  Kern  vom  Protoplasma  aus 
erniilirt  wird,  um  seinen,  sich  bei  der  Funktion  erschopfenden  Vorrat 
an  Pangenen  zu  ersetzen.  Mit  de  Vries  scheinen  mir  aile  neueren 
Forscher,  welche  liber  das  Problem  nachgedacht  haben,  wenigstens 
insofern  iibereinzustiramen,  a-ls  sie  annehmen,  dass  bei  der  Funktion 
Telle  vom  Kern  an  das  Protoplasma  abgegeben  werden. 

Waren  dièse  Vorstellungen  richtig,  so  miisste  das  Bild  der  Zelle 
folgendermassen  ausfallen  :  im  Zustand  funktioneller  Ruhe  grosse, 
von  Pangenen  uberfuUte,  daher  chromatinreiche  Kerne,  im  Zustand 
reger  Tiitigkeit  dagegen  kleine,  chromatinarme  Kerne,  welche  ihren 
Pangenenvorrat  an  das  Protoplasma  abgegeben  haben.  Das  hochste 
INIass  von  Leistungsfahigkeit  miisste  Zellen  mit  grossen  chroma tin- 
reichen  Kernen  zukommen;  Zellen  mit  kleinen  Kernen  miissten  da- 
gegen funktionsunfiihig  sein.  Das  ist  nun  genau  das  Gegenteil  von 
dem,  was  tatsachlich  zutrifft.  Es  ist  eine  bekannte  Erfahrung,  dass 
die  Leistungsfahigkeit  der  Zelle  durch  Wârme  gesteigert,  durch  Kalte 
herabgesetzt  wird.  Wir  haben  aber  gesehen,  dass  gerade  Warme- 
zellen  relativ  kleine,  Kaltezellen  relativ  grosse  Kerne  besitzen.  Und 
noch  eine  zweite  Reihe  von  Erfahrungen  spricht  dagegen.  Calkins 
und  ich  und  unsere  beiderseitigen  Schiiler  haben  gezeigt,  dass  der 
Lebenslauf  der  Protozoen  eine  merkwlirdige  Periodicitiit  erkennen 
lasst.  Actinosphaerien  und  aile  daraufhin  untersuchten  Infusorien 
(Paramaecien,  Dilepten,  Stylonychien,  Oxytrichen,  Frontonien) 
zeigen  Perioden,  in  denen  sie  stark  fressen  und  entsprechend  stark 
wachsen  und  sich  vermehren.  Mit  diesen  Futter-  und  Vermehrungs- 
perioden  alternieren  Zeiten,  in  welchen  Nahrungsaufnahme  und  Tei- 
lung  vollkommen  pausieren.  Dièse  "  Depressionszustânde,"  wie  sie 
Calkins  vortrefflich  genannt  hat,  konnen  verschiedene  Dauer  und 
verschiedene  Intensitiit  haben.  Depressionen  leichteren  Grades  wer- 
den rasch  iiberwunden,  schwerere  Depressionen  fiihren  zum  Unter- 
gang  einzelner  Individuen,  die  schwersten  zum  Untergang  ganzer 
Culturen.  Nach  Calkins  konnen  chemische  Einfliisse,  nach  meinen 
Erfahrungen  Temperaturveranderungen  den  Niedergang  der  Cultur 
hintanhalten.  Priifen  wir  nUn  die  Kernveranderungen,  welche  diesen 
biologischen  Verânderungen  entsprechen,  so  stellt  sich  heraus,  dass 
die  Heranbildung  einer  Dépression  mit  einer  Zunahme  der  Kernsub- 
stanz,  mit  einer  Hyperchromasie  der  Zelle  einhergeht,  bei  einkernigen 
Tieren  mit  einem  Wachstum  des  Kerns,  bei  vielkernigen  Tieren  mit 
einer  Steigerung  der  Kernzahl.  Es  entwickelt  sich  ein  Gesamtbild, 
welches  grosse  Aehnlichkeit  hat  mit  dem  durch  Ktiltewirkung  hervor- 
gerufenen,  eine  Analogie,  w^elche   ich  fiir  Actinosphaerium   bis  ins 


74        VII.  INTERNATIONAL  ZOOLOGICAL  CONGRESS 

Einzelne  habe  durchfiihren  konnen  und  welche  Marcus  auch  fur 
Seeigellarven  hat  bestatigen  konnen.  Dièse  nicht  durch  âussere 
Einflusse,  sondern  durch  Funktionszustânde  des  Organismus  bedingte, 
autogène  Vergrosserung  des  Kerns  ist  es,  welche  die  oben  schon  be- 
sprochene,  in  ihren  Ursachen  aber  damais  nicht  nâher  erlaiiterte 
Zunahme  der  Teilgrosse  erklârt,  welche  so  oft  in  Infusorienculturen 
zu  beobachten  ist. 

Ist  der  Kern  der  Infusorien  zur  Zeit  der  Dépression  vergrossert, 
so  geht  das  Wiedererwachen  der  Funktion,  die  Reorganisation  der 
Zelle,  mit  einer  Reduktion  der  Kernmasse  einher;  es  treten  Bilder 
auf,  welche  mit  den  Veranderungen  des  Hauptkerns  gegen  Ende  der 
Conjugation  grosse  Aehnlichkeit  haben  und  wie  dièse  darin  ihre 
Erklârung  finden,  dass  behufs  Résorption  der  Kernsubstanz  eine 
Oberfliichenvergrosserung  des  Kerns  angestrebt  wird.  Es  entstehen 
verastelte  oder  gelappte  Kernformen  oder  der  Kern  wird  in  zwei  oder 
mehr  kleinere  Stiicke  zerlegt.  Gelingt  auf  diesem  Wege  die  Réduc- 
tion der  Kernmasse,  so  tritt  das  Infusor  in  eine  neue  Phase  der  Assi- 
milation und  Vermehrung  ein. 

Vergrosserte  Zellen  mit  maulbeerformigem  oder  gelapptem  Kern, 
Riesenzellen  mit  vielen  Kernen  oder,  richtiger  gesagt,  mit  einem  in 
viele  kleine  Stiicke  zerlegten  "fragmentierten"  Kern  bilden  in  der 
Histologie  und  Entwicklungsgeschichte  eine  weit  verbreitete  Erschei- 
nung;  noch  haufiger  treten  sie  im  Verlauf  pathologischer  Vorgange 
auf.  Die  merkwurdigen  Kernbilder  werden  allgemein,  aber  mit 
Unrecht,  als  Beweise  amitotischer  Kernteilung  angesehen,  haben  aber 
im  iibrigen  eine  sehr  verschiedene  Beurteilung  erfahren.  Nach  einigen 
Autoren  sollen  dièse  Amitosen  eine  zum  Untergang  der  Zelle  fuhrende 
Période  einleiten,  nach  anderen  sollen  sie  einen  notwendigen  norma- 
len  Vermehrungszustand  der  Zelle  darstellen,  auf  welchen  dann 
wieder  mitotische  Teilungen  folgen.  Erklaren  wir  die  Verhaltnisse 
nach  Analogie  mit  den  Infusorien,  so  entsprechen  die  aufîallenden 
Kernformen  einer  durch  starke  Funktion  hervorgerufenen  kritischen 
Période  des  Zellenlebens,  in  welcher  allerdings  leicht  der  Tod  eintritt, 
von  der  aber  aus  eine  Reorganisation  der  Zelle  moglich  ist.  Letzteres 
gilt  wohl  in  der  Regel  von  den  sogenannten  Amitosen  der  Geschlechts- 
zellen,  wie  sie  ganz  besonders  von  Amphibien  beschrieben  wurden. 
Bei  vielkernigen  Protozoen  habe  ich  noch  einen  anderen  Vorgang  be- 
schrieben, welcher  den  Zweck  hat,  die  Hyperchromasie  des  Kernap- 
parates  zu  beseitigen  und  dadurch  der  Zelle  ihre  Funktionsfahigkeit 
wiederzugewinnen  ;  er  besteht  darin,  dass  chromatische  Kernteile 
oder,  wie  ich  sie  genannt  habe,  "Chromidien"  aus  dem  Kern  ausge- 
stossen  und  im  Protoplasma  oft  unter  Pigmentbildung  zerstort  werden. 
Auch  das  sind  Vorgange,  welche  in  den  Zellen  der  jMetazoen,  sei  es 
in  normalen,  sei  es  in  pathologischen  Geweben,  ihr  Gegenstiick  finden. 

Wenn  wir  nun  zum  Schluss  aus  dem,  was  wir  iiber  funktionelle 
Veranderungen  des  Kerns  kennen  gelernt  haben,  noch  das  Facit 
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ziehen,  so  konnen  wir  wohl  sagen  :  Aile  bekannt  gewordenen  Er- 
scheinungen  sprechen  gegen  die  Lehre,  dass  der  Kern  die  Funktion 
des  Plasma  auslost,  indem  er  Funktionstrager,  Pangene  an  dasselbe 
abgibt.  Wir  werden  vielmehr  durch  die  Erfahrung  zu  dem  entgegen- 
gesetzten  Anfassung  gefuhrt,  dass  der  Kern  dem  Protoplasma,  um 
es  in  activen  Ziistand  zu  versetzen,  Substanzen  entzieht.  Ich  ver- 
zichte  darauf,  diesen  Gedanken  zu  einer  Art  Théorie  der  Zellfunktion 
weiter  auszufiihren.  Ich  werde  mich  begniigen,  im  folgenden  von  der 
durch  die  Funktion  bedingten  Zunahme  an  Kernsubstanz  als  dem 
"  functionellen  Wachstum  des  Kerns"  zu  reden. 

Es  wiirde  mir  nun  die  Aufgabe  zufallen,  im  Einzelnen  auseinan- 
derzusetzen,  in  welcher  Weise  das  fvmktionelle  Wachstum  des  Kerns 
unter  norraalen  Verhaltnissen  Einfluss  auf  die  Kernplasma-Ilelation 
gewinnt.  Ich  ziehe  es  jedoch  vor,  dièse  Frage  einstweilen  zuriickzu- 
stellen  und  sie  im  Zusammenhang  mit  einer  zweiten  Frage  abzu- 
handeln,  der  Frage:  welche  Rolle  spielt  die  Kernplasma-Relation 
bei  der  Zellvermehrung  ? 

Die  verbreitetste  und  unzweifelhaft  auch  die  urspriinglichste 
Form  der  Zellvermehrung  ist  die  Zellteilung;  sie  wurde  friiher  allge- 
mein  als  ein  "Wachstum  der  Zelle  liber  das  individuelle  Mass"  be- 
zeichnet.  Richtig  an  dieser  Définition,  wir  konnen  sogar  sagen  banal 
richtig  ist  der  Gedanke,  dass  jede  Teilung,  ja  jede  Zellvermehrung 
auf  einer  vorausgegangenen  Zunahme  an  lebender  Substanz,  auf 
Wachstum  beruht.  Anfechtbar  dagegen  ist  der  Zusatz  "liber  das 
individuelle  Mass  hinaus";  er  ist  viel  getadelt,  oft  auch  verspottet 
worden.  W^as  versteht  man  unter  "  individuellem  IVIass"?  Ist  das 
nicht  eine  dogmatische  Vorstellung,  welche  in  Nichts  zerrinnt,  wenn 
man  sie  genauer  zu  fassen  sucht  ?  Widerspricht  ihr  nicht  die  Erfahr- 
ung, dass  Zellen  zu  riesiger  Grosse  heranwachsen  und  unter  Um- 
standen  doch  noch  simultan  in  Hunderte  und  Tausende  von  kleinen 
Zellen  zerfallen  ? 

Wir  sehen,  die  Bezeichnung  "uber  das  individuelle  Mass"  ist  ein 
Ausdruck  flir  eine  Unbekannte,  fiir  ein  X,  welches  das  Verhaltnis  von 
Wachstum  und  Vermehrung  reguliert  ;  es  ist  ein  schlechter  Ausdruck, 
weil  er  den  Anschein  einer  Erklârung  erweckt,  ohne  sie  zu  geben,  ein 
falscher  Ausdruck,  weil  er  fiir  viele  Fiille  der  Zellvermehrung  gar 
nicht  passt. 

Um  mir  nun  von  dem  die  Zellteilung  auslôsenden  unbekannten 
Factor  eine  Vorstellung  zu  bilden,  bin  ich  von  folgenden  Erwagungen 
ausgegangen.  Die  Teilung  ist  der  Zustand  energischster  Tatigkeit 
der  Zelle,  bei  welcher  Krafte,  welche  wahrend  des  Wachstums  ruhten, 
plotzlich  in  Tatigkeit  treten.  Am  Schluss  der  Teilung  ist  wieder  ein 
Gleichgewichtszustand  dieser  Krafte  erzielt,  welcher  wahrend  des  nun 
folgenden  Wachstums  aufs  Neue  allmahlich  eine  Veranderung  erfahrt, 
bis  der  zu  einer  neuen  Teilung  notige  Grad  der  Spannung  erzielt  ist. 

Wenn  eine  Zelle  wachst,  so  wachst  auch  der  zugehorige  Kern. 
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Die  herrschende  Auffassung  —  sofern  man  liberhaupt  von  einer 
solchen  reden  kann  bei  einem  Problem,  welches  bisher  iiberhaupt 
noch  nicht  als  solches  erkannt  worden  ist  —  geht  niin  wohl  dahin, 
dass  der  Kern  von  einer  Teilung  zur  anderen  in  gleichem  INIasse 
wachst  wie  das  umgebende  Protoplasma.  Ware  dies  in  der  Tat  der 
Fa  11,  so  wiirde  das  System  der  in  der  Zelle  enthaitenen  Kriifte  wahrend 
des  gesamten  Wachstums  in  derselben  Gleichge's\'ichtslage  verharren, 
wie  sie  durch  die  vorausgegangene  Teilung  geschaffen  worden  ist; 
es  wiirde  kein  Grund  zu  besonderen  Kraftentfaltungen,  wie  sie  in 
der  Teilung  gegeben  sind,  vorliegen.  Wir  sind  daher  genotigt  an- 
zunehmen,  dass  beim  ^Yachstum  der  Zelle  im  Wechselverhaltnis  der 
Zellteile  Verjinderungen  eintreten,  welche  allmahlig  eine  Steigerung 
erfahren,  bis  sie  den  zur  Teilung  notigen  Grad  erreicht  haben.  Dièse 
Verânderungen  in  der  Constitution  der  Zelle  miissen  durch  die  assi- 
milatorischen  Vorgange  bedingt  sein,  welche  das  Wachstum  der  Zelle 
verursachen  ;  sie  sind  nach  meiner  Auffassung  darin  gegeben,  dass 
das  AVachstum  des  Protoplasma korpers  und  das  ^^'achstura  des  Kerns 
wahrend  der  Assimilation  einander  nicht  proportional  verlaufen. 

Das  Protoplasma  ist  in  letzter  Instanz  der  Triiger  der  Lebens- 
funktionen.  Wie  Max  Schulze  es  zuerst  klar  auseinandergesetzt  hat, 
bildet  das  Protoplasma  die  Sekrete,  erzeugt  die  (jrundsubstanzen  von 
Bindegewebe,  Knorpel  und  Knochen,  die  ^Nluskelfibrillen  und  Xerven- 
fasern  oder  ist  selbst  Sitz  von  Sensibilitiit  und  Kontraktilitat.  Wachs- 
tum des  Protoplasma  ist  somit  entweder  selbst  schon  Wachstum  der 
funktionierenden  Substanz  oder  Vorbedingimg  zu  demselben.  Dem 
Kerne  dagegen  kommt  nur  die  Aufgabe  zu,  die  Lebenserscheinungen 
des  Protoplasma  auszulosen  ;  dabei  erfiihrt  er  die  Vergrosserung, 
welche  ich  sein  " f unktionelles  Wachstum"  genannt  habe.  Da  nun 
die  Erfahrung  lehrt,  dass  relativ  kleine  Krafte  notig  sind,  um  grosse, 
Arbeitsleistungen  auszulosen,  so  ist  es  wahrscheinlich,  dass  dem  an- 
sehnlichen  Wachstum  der  Zelle  ein  geringes  Wachstum  des  Kernes 
gegeniiberstehen  wird.  Wenn  dièse  Erwiigungen  richtig  sind,  muss 
sich  von  einer  Zellteilung  zur  andern  allmahlich  ein  ]Missverhaltnis 
zwischen  Masse  des  Kernes  und  Masse  des  Protoplasma  entwickeln  ; 
es  rauss  das  durch  die  Kernplasma-Xorm  gegebene  Gleichgewicht 
gestort  werden,  die  Kernplasma-Relation  muss  eine  Verschiebung 
erfahren  zuungunsten  des  Kernes;  es  muss  sich  eine  Kernplasma- 
Spannung  entwickeln,  welche  allmahlich  zunimmt,  bis  schUesslich  ein 
Grad  erreicht  wird,  den  ich  friiher  Kernplasma-Spannung  im  engeren 
Sinne  genannt  habe.  In  dieser  Spannung  erblicke  ich  die  Ursache  der 
Teilung.  Ich  nehme  an,  dass,  wenn  ein  Hohepunkt  der  Kernplasma- 
Spannung  erreicht  wird,  der  Kern  die  Fahigkeit  gewinnt,  auf  Kosten 
des  Protoplasma  zu  wachsen,  und  dass  die  hierbei  sich  vollziehenden 
Stoffumlagerungen  zur  Teilung  der  Zelle  fiihren.  Zum  funktionellen 
Wachstum  gesellt  sich  das  Teilungswachstum  des  Kernes,  um  die 
Kernplasma-Norm  wiederherzustellen. 
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Dieser  Versuch  zu  einer  Théorie  der  Zellteilung  setzt  ganz  be- 
stimmte  Veranderungen  in  der  Kernplasma-Relation  voraus,  welche 
exacter  Untersuchung  zugângig  sind.  Es  gilt  nur,  geeignete  Objekte 
und  geeignete  INIethoden  ausfindig  zu  machen,  welche  es  ermoglichen, 
das  Kernwachstum  und  das  Zellwachstum  von  einer  Teikmg  zur 
anderen  graphisch  darzustellen.  Dass  dièses  mogUch  ist,  zeigt  die 
von  Herrn  Dr.  Popoff  entworfene  Tabelle  I,  auf  welche  ich  schon 
einmal  eingegangen  bin,  um  den  Einfluss  der  Tempera tur  auf  die 
Grosse  der  Kernplasma-Relation  zu  erlautern.  Sie  zeigt  uns  die 
Grossenzunahmen  von  Kern  und  Protoplasma  des  Infusors  Frontonia 
leucas  von  einer  Teilung  zur  anderen  in  Form  von  Kurven  aufge- 
zeichnet  und  zwar,  wie  oben  schon  hervorgehoben  wurde,  mit  ausge- 
zogenen  Linien  fiir  den  Verlauf  der  Teilung  bei  25°  C,  wâhrend  die 
punktierten  Kurven-Linien  sich  auf  die  Temperatur  von  14°  beziehen. 
Es  vviirde  mich  zu  weit  fiïhren,  wenn  ich  auseinandersetzen  woUte,  in 
welcher  Weise  die  einzelnen  Daten  zur  Konstruction  der  Kurve  von 
Herrn  Dr.  Popoff  gewonnen  wurden  und  welche  Kautelen  aile  notig 
waren,  um  gesicherte  Resultate  zu  gewinnen.  Fiir  unsre  Betrach- 
tungen  sind  nur  die  Resultate  selbst  von  Bedeutung.  Es  wird  aber 
das  Zutrauen  zu  der  Zuverlassigkeit  der  Kurve  erhohen,  wenn  ich 
hier  mitteile,  dass  zwei  meiner  Schiller  ganz  unabhangig  von  einander, 
jedoch  nach  gleicher  Méthode  die  zu  der  Kurve  ncitigen  Beobach- 
tungen  gesammelt  haben.  Vor  5  Jahren  begann  Herr  von  Wierz- 
bitzki  die  Untersuchung,  iiber  die  ich  schon  auf  der  Breslauer  Ver- 
sa mmlung  der  Deutschen  zoologischen  Gesellschaft  berichtet  habe. 
Da  derselbe  durch  politische  Verhiiltnisse  verhindert  war,  die  Arbeit 
zu  Ende  zu  fiihren,  hat  Herr  Dr.  Popoff  in  einer  iiusserst  sorgfaltigen 
Weise  die  Untersuchung  von  Neuem  begonnen.  Im  Prinzip  stimmten 
die  Untersuchungen  beider  Herren  iiberein,  nur  dass  Herr  Popoff 
durch  sorgfàltigere  Kultur  eine  noch  grossere  Exactheit  erzielt  hat  als 
sein  Vorganger. 

Man  sieht,  dass  das  Protoplasma  sowohl  in  der  Kalte  wie  in  der 
Warme  von  einer  Teilung  zur  anderen  eine  allmahliche,  auf  die  Zeit 
ganz  gleichmassig  verteilte  Zunahme  erfahrt.  Anders  der  Kern  !  Er 
erfahrt  unmittelbar  nach  der  Teilung  zunâchst  eine  Abnahme  seiner 
Masse;  dieselbe  dauert  bei  Wârmekulturen  2  Stunden,  bei  Kâlte- 
kulturen  ca.  6  Stunden.  Dann  erst  beginnt  eine  émeute  Zunahme 
des  Kernes  (funktionelles  Wachstum).  Nach  4,  resp.  20  Stunden 
ist  die  Anfangsgrosse  wieder  erreicht.  Von  da  ab  wiichst  der  Kern 
ganz  langsam  weiter  bis  zur  Zeit,  in  welcher  die  Teilung  beginnt. 
Hier  tritt  dann  eine  ganz  rapide  Zunahme  der  Kernmasse  ein  (Tei- 
lungswachstum).  Der  Kurven  verlauf  ist  in  Warme  und  Kalte  nahezu 
der  gleiche.  Dies  wird  am  klarsten,  wenn  man  die  Kaltekurve  nicht 
nur  ihrem  zeitlichen  Verlaufe  nach,  sondern  auch  riicksichtlich  der 
Grosse  des  Kernes  auf  die  Warraekurve  reduziert.  Der  Kâltekern 
verhalt  sich  zum  Warmekern  wie  1  '  6  :  1  •  0.    Will  man  die  Kalte- 
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kurve  auf  die  Wârmekurve  des  K*ernes  reduzieren,  so  miiss  man 
annehmen,  dass  fiinf  Teilstriche  der  Kurve,  welche  fur  die  Wârme 
1  ■  0  betragen,  in  der  Kalte  gleich  1  *  6  sind.  Konstruiert  man  in 
dieser  Weise  Wârme-  und  Kaltekurven,  so  kommen  sie  fast  vollkom- 
men  zur  Deckung. 

Verfolgen  wir  das  Verhalten  der  Kernplasma-Relation,  so  kommen 
wir  zu  dem  Résultat,  dass  dieselbe  von  einer  Teilung  zur  anderen 
eine  bestândige  Verânderung  erfahrt.  Fiir  den  Anfang  der  durch  die 
Kurven  veranschaulichten  Entwicklung  bestimmte  sie  Popoff  fiir 
Warraethiere  auf  1  :  64-67,  fiir  Kaltethiere  auf  1  :  54.  Das  ist  die 
Grosse,  welche  ich  oben  als  Kernplasma-Norm  bezeichnet  habe.  In 
der  Folge  wâchst  die  Difïerenz  zwischen  Kern-  und  Protoplasma  masse 
bis  zur  15.  Stunde  in  der  Wârme,  bis  zur  70.  Stunde  (annâhernd)  in 
der  Kâlte,  wo  sie  mit  1 :  98-100  fiir  Wârme,  1 :  84  fiir  Kâlte  ihren 
Hohepunkt  erreicht.  Das  ist  der  Zustand,  den  ich  Kernplasma- 
Spannung  genannt  habe.  Nun  setzt  das  rasche  Wachstum  des  Kernes 
ein  und  fiihrt  zu  einer  Vergrosserung  der  Kernplasma-Relation,  bis 
zur  Zeit  der  Teilung  das  urspriingliche  Verhâltnis  der  Kernplasma- 
Norm  wiederhergestellt  ist. 

Die  Analyse  der  Kurven  und  der  ihnen  zugrunde  liegenden 
Zahlen  lâsst  somit  erkennen,  dass  die  zu  ihrer  Konstruction  benutzten 
Beobachtungen  mit  den  von  mir  entwickelten  theoretischen  Aufîas- 
sungen  in  bester  Uebereinstimmung  stehen.  Unverstândlich  ist 
nur  die  nach  jeder  Teilung  eintretende  Kernverkleinerung.  Hier 
ergeben  sich  zwei  IMôglichkeiten  der  Erklârung.  Die  erste  Moglich- 
keit  wâre,  dass  die  Verkleinerung  nur  eine  scheinbare  ist,  veranlasst 
durch  eine  Kontraction  der  Kernmasse  unter  Abgabe  von  Fliissigkeit. 
Der  zweiten  Moglichkeit  wâre  vom  theoretischen  Standpunkt  aus 
grossere  Bedeutung  beizumessen.  Wenn  der  Kern  bei  der  Funktion 
sich  etwas  vergrossert,  so  muss  dièses  funktionelle  Wachstum  durch 
Résorption  wieder  ausgeglichen  werden  ;  es  gilt  durch  w^itere  Un- 
tersuchungen  zu  entscheiden,  ob  nicht  das  aufïâllige  Absinken  der 
Kerncurve  nach  Ablauf  der  Teilung  einer  derartigen  Résorption 
zuzuschreiben  ist. 

Es  stehen  der  Forschung  nun  viele  Wege  offen,  um  die  Théorie, 
welche  ich  hier  entwickelt  und  durch  das  genaue  Studiura  eines  be- 
stimmten  Falles  erprobt  habe  weiterhin  auf  ihre  Richtigkeit  zu 
priifen.  Der  leitende  Gesichtspunkt  der  Untersuchungen  miisste 
darin  gegeben  sein,  dass  man  experimentell  die  Kernplasma-Relation 
gegebener  Zellen  willkiirlich  verândert  oder  in  der  Natur  vorkom- 
mende  Zellen  mit  besonders  abgeânderter  Kernplasma-Relation 
genauer  untersucht  und  nun  priift,  ob  die  sich  ergebenden  Resultate 
mit  der  Théorie  harmonieren.  Relative  Zunahme  der  Kernsubstanz, 
gleichgiltig,  ob  nun  dieselbe  durch  Vergrosserung  des  Kerns  bei 
gleichbleibender  Protoplasmamenge  oder  Verringerung  des  Proto- 
plasma  bei  gleichbleibender  Kerngrosse  herbeigefiihrt  wird,  miisste 
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eine  Verlangsamung  der  Teilung  iind  im  ersten  Fall  eine  Steigerung 
der  Teilgrosse  zur  Folge  haben  ;  uingekehrt  miisste  relative  AlMiahme 
der  Kern  masse  den  Eintritt  der  Kern  teilung  beschleunigen,  die  Teil- 
grosse herabsetzen.  Wurde  die  Kernteilung  die  ausschliessliche 
Konsequenz  einer  bestimmten  Kernplasma-Ilelation  sein,  ohne  dass 
ander\veitio;e  ^Nlomente  mitwirken,  wie  sie  durch  eine  besondere  Be- 
schafFenheit  der  Zellbestandteile,  eine  Art  Reifezustand  derselben 
gegeben  sein  kônnten,  so  miisste  es  moglich  sein,  durch  experimen telle 
starke  Verkleinerung  des  Kerns  Zellteilung  willkiirlich  zu  jeder  Zeit 
hervorzurufen.  Ich  glaube  dass  manche  Infusorien  durch  ihre  Or- 
ganisation derartige  Expérimente  ermôglichen.  Meines  Wissens  sind 
dieselben  aber  noch  nicht  ausgefuhrt  worden. 

Wolîl  aber  gibt  es  andere  Erfahrungen,  welche  teils  auf  Experi- 
menten,  teils  auf  unmittelbarer  Beobachtung  beruhen,  welche  schon 
einen  Teil  des  oben  aufgestellten  Programmes  verwirklicht  haben. 
Dass  Zunahme  der  Kernmasse  \'erlangsamung  der  Teilung  und  Stei- 
gerung der  Teilgrosse  bewirkt,  lehren  uns  die  Infusorien,  deren  Kerne 
die  schon  oben  besprochene  \"ergrosserung  durch  funktionelle  Hyper- 
trophie oder  durch  Kaltewirkung  erfahren  haben;  vor  a  liera  hat  es 
Gerasimofï  durch  seine  interessanten  Spirogyra-Experimente  bewiesen. 
Dass  andererseits  starke  Réduction  der  Kernmasse  eine  hochgradige 
Teilfahigkeit  der  Zelle  zur  Folge  bat,  lasst  in  unzweifelhafter  Weise 
der  Furchungsprozess  jedes  tierischen  Eies  erkennen.  Wenn  hier  in 
rascher  Aufeinanderfolge  Teilung  an  Teilung  anschliesst,  so  erklart 
sich  dies  daraiis,  dass  von  Anfang  an  eine  énorme  Kernplasma- 
Spannung  vorhanden  Vv'ar,  welche  bei  jedem  Teilschritt  nur  zum 
kleinsten  Teil  ausgeglichen  wird,  so  dass  sofort  nach  Ablauf  einer 
Teikmg  die  zu  einer  nachsten  Teilung  notigen  Bedingungen  gegeben 
sind,  bis  endlich  die  Kernplasma-Norm  und  damit  ein  Ruhezustand 
erreicht  ist. 

Mit  diesen  kurzen  Auseinandersetzungen  ist  die  Bedeutung,  welche 
der  Furchungsprozess  fUr  die  Ausbildung  einer  Théorie  der  Zell- 
teilung besitzt,  noch  nicht  erschopft;  es  gilt  noch  eine  ungemein  in- 
téressante Besonderheit  des  Furchungsprozesses  zu  erklaren  ;  das  ist 
seine  Periodicitat,  die  Erscheinung,  dass  die  Kernplasma-Spannung 
nicht  sofort  bei  der  ersten  Teilung,  was  ja  doch  auch  im  Bereich  der 
Moglichkeit  làge,  ausgeglichen  wùrd,  sondern  durch  eine  ganze  Reihe 
aufeinanderfolgender  Teilschritte. 

Boveri,  welcher  dièses  Problem  ebenfalls  klar  erkannt  hat,  hat 
dasselbe  zu  lôsen  versucht,  indem  er  das  den  Eintritt  der  Teilung 
bestimmende  Moment  in  die  Chromosomen  verlegte.  Ausgehend 
von  der  Individualitatslehre  der  Chromosomen  nimmt  er  an,  dass 
die  Teilung  eintritt,  wenn  die  Chromosomen  bis  zum  Doppelten  der 
Grosse,  welche  sie  am  Schluss  der  vorangegangenen  Teilung  besessen 
hatten,  herangewachsen  und  damit  herangereift  sind.  Dièse  Vorstel- 
lung  involviert  die  Annahme  einer  Normalgrosse  der  Chromosomen  ; 
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es  wird  mit  ihr  riicksichtlich  der  Chromosomen  eine  ahnliche  Auf- 
fassung  vertreten,  wie  sie  fiir  die  Zellen  als  Ganzes  angenommen 
wiirde,  als  man  die  Teilung  derselben  als  ein  Wachstum  liber  das 
individuelle  Mass  hinaus  definierte.  Ich  kann  dièse  Auffassungs- 
weise  nicht  teilen;  ich  glaube  vielmehr,  dass  auch  fiir  den  Verlauf 
des  Furchungsprozesses  Relationen  zwischen  Kernmasse  und  Pro- 
toplasma bestimmend  sind,  ahnlich,  wie  ich  es  oben  fiir  die  gewohn- 
liche  Zellteilung  durchgefiihrt  habe.  Wenn  die  Teilung  dadurch 
veranlasst  wird,  dass  bei  einem  bestimmten  Grad  der  Kernplasma- 
Spannung  ein  Wachstum  des  Kerns  auf  Kosten  des  Protoplasma 
eintritt  und  das  Protoplasraa  durch  dièse  Substanz-Abgabe  activiert 
wird,  d.  h.  befahigt  wird,  die  zur  Zellteilung  notige  Arbeit,  in  einem 
gesetzmassigen  Verhaltnis  stehen  zum  Mass  der  chemischen  Umset- 
zungen,  welche  bei  jeder  Teilung  eintreten.  Je  grosser  der  zu  teilende 
Zellkôrper  ist,  um  so  ausgiebiger  miissen  die  chemischen  Umsetzungen 
sein.  Einen  Massstab  fiir  die  letzteren  wiirde  uns  unter  diesen  Ver- 
hiiltnissen  die  Teilungsgrosse  der  Chromosomen  liefern.  Die  Chro- 
mosomen konnen  nicht  ins  Unbegrenzte  wachsen  ;  es  kann  daher  auch 
die  am  Anfang  des  Furchungsprozesses  vorhandene  Kernplrsma- 
Spannung  nicht  sofort  beim  ersten  Teilungsschritt  vollkommen 
ausgeglichen  werden,  weil  schon  bei  einem  bestimmten,  in  der 
Chromosomengrosse  sich  ausdriickenden  Mass  chemischer  Arbeit 
die  Zellteilung  durchgefiihrt  wird. 

Welche  von  den  beiden  Erklarungen  grossere  W^ahrscheinlichkeit 
besitzt,  die  von  Boveri  aufgestellte  Lehre  von  der  fixierten  Chro- 
mosomengrosse oder  die  von  mir  vertretene  Lehre  von  der  Chro- 
mosomenplasma-Relation,  lasst  sich  durch  Untersuchung  der 
Chromosomengrosse  auf  verschiedenen  Stadien  des  Furchungspro- 
zesses ermitteln.  Nach  Boveri  miisste  die  Chromosomengrosse  zu 
allen  Zeiten  im  Wesentlichen  die  gleiche  bleiben,  nach  meiner  Auffas- 
sung  miisste  sie  eine  allmahliche  Abminderung  erfahren  und  zwar 
proportional  der  Verkleinerung  des  zur  Teilung  gelangenden  Proto- 
plasmakorpers  und  der  bei  der  Teilung  sich  vollziehenden  Umset- 
zungen. ]\Iit  anderen  Worten  :  die  Chromosomen  miissen  kleiner 
werden  in  demselben  Mass  als  im  Lauf  des  Furchungsprozesses  die 
Blastomeren  kleiner  werden.  Friiulein  Erdmann  hat  sich  der  miihsa- 
men  Arbeit  der  Bestimmung  der  Chromosomengrossen  auf  den  ver- 
schiedenen Stadien  der  Eifurchung  unterzogen.  Die  Chromosomen 
wurden  bei  einer  bestimmten  Vergrosserung  gezeichnet,  ihre  Lange 
und  Breite  gemessen,  und  unter  Annahme,  dass  Breite  und  Dicke 
gleich  seien,  das  Produkt  von  Lange,  Breite,  und  Dicke  berechnet. 
Dièses  Produkt  gibt  zwar  nicht  die  Chromosomengrosse  wieder, 
sondern  nur  die  Grosse  eines  vierkantigen  Prismas,  dem  die  Chromo- 
somen eingeschrieben  sind;  a  Hein  da  es  sich  ja  nur  um  relative 
Grossenverhaltnisse  handelt,  die  Kleinheit  der  Objekte  ohnehin 
exacte  Angaben    unmogUch   macht,   ist    die    Berechnungsweise  fiir 
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unsere  Zwecke  ausreichend.  Die  Grossenbestimmungen  wiirden 
ferner  fiir  Culturen  bei  3  verschiedenen  Temperaturen  aiisgefuhrt, 
10°  C,  16°  C.  (Zimmertemperatur)  und  20°  C.  Die  Resiiltate  der 
Untersuchung  sind  in  Tabelle  II  eingetragen.  Die  Zahlen  unter 
Rubrik  b  bezeichnen  die  Grossen  der  Chromosomen  in  Kubikmikren, 
die  Zahlèn  unter  Rubrik  c  die  Zahl  der  Minuten,  welche  zwischen 
zwei  aufeinander  folgenden  zu  Messungen  benuzten  Stadien  ver- 
flossen  sind,  die  Zahlen  in  der  ersten  Rubrik  a  gehen  die  einzelnen 
Teilschritte  an. 

Man  kann  nun  aus  der  vorliegenden  Tabelle  leicht  entnehmen, 
dass  die  Chromosomengrosse  wiihrend  des  Furchungsprozesses  eine 
ganz  bedeutende  Abnahme  erfjihrt.  Die  Chromosomen  auf  dem 
Pluteus-Stadium  haben  nur  etwa  -^^  Volumen  von  den  Chromosomen 
der  ersten  Spindel.  Es  ergibt  sich  ferner  eine  unverkennbare  Korre- 
l'ition  von  Zellgrosse  und  Chromosomengrosse;  je  kleiner  die  Zellen 
werden,  um  so  kleiner  werden  auch  die  Chromosomen.  Fiir  den 
Ablauf  des  Furchungsprozesses  ist  hierin  ein  sehr  wichtiges  Moment 
gegeben.  Wâre  die  Chromosomengrosse  eine  fixierte,  so  wiirde  der  in 
der  Kernplasma-Norm  gegebene  Gleicligewichtszustand  der  Zellteile 
viel  friiher  erreicht  werden,  der  Furchungsprozess  viel  cher  zum 
Stillstand  gelangen,  als  es  tatsachlich  der  Fall  ist. 

Was  hier  durch  direkte  Grossenbestimmung  der  Chromosomen 
erzielt  worden  ist,  hiitte,  so  konnte  man  mir  einwerfen,  viel  leichter 
und  einfacher  durch  Grossenbestimmungen  der  ruhenden  Kerne 
erreicht  werden  konnen.  Friiulein  Erdmann  hat  selbstverstandlich 
auch  dièse  Messungen  ausgefiihrt  ;  sie  sind  aber  fiir  unsere  Zwecke 
nicht  so  beweiskriiftig,  weil  hier  ein  neuer,  unbekannter  Factor  sich 
in  die  Berechnung  einschleicht,  die  Imbibitionsfahigkeit  des  Kernes. 
Wir  wissen  nicht,  ob  die  Fahigkeit  Fliissigkeit  aufzunehmen  eine 
constante  ist  oder  ob  sie  nicht  abândert,  je  nachdem  jiingere  oder 
iiltere  Kerne  gegeben  sind  und  je  nachdem  dièse  Kerne  in  einer 
grosseren  oder  kleineren  Zelle  eingelagert  sind.  Dièse  im  iibrigen 
leicht  zu  priifenden  Verhiiltnisse  miissten  zuvor  klargestellt  sein. 

Die  hier  zusammengestellten  Erhebungen  uber  die  Veranderung 
der  Chromosomengrosse  wahrend  des  Furchungsprozesses  gewinnen 
weiteres  Interesse,  wenn  wir  den  zeitlichen  Verlauf  der  Erschei- 
nungen  heranziehen. 

Es  ist  eine  allgemein  bekannte  Tatsache,  dass,  die  Zellteilungen 
je  mehr  der  Furchungsprozess  fortschreitet,  er  zugleich  auch  eine 
Verlangsamung  erfahren.  Jede  folgende  Teilung  beansprucht  langere 
Zeit  als  die  vorausgegangene.  Wie  die  Tabelle  III  lehrt,  dauert  es 
bei  Strongylocentrotus  lividus  45  (41)  Minuten  von  der  ersten  zur 
zweiten  Teilung,  40  (42)  Minuten  von  der  zweiten  zur  dritten,  53  (57) 
Minuten  von  der  dritten  zur  vierten,  89  (88)  Minuten  von  der  vierten 
zur  funften,  110  ^Minuten  von  der  fiinften  zur  sechsten,  u.  s.  w. 

Es  ist  nun  von  grossem  Interesse,  zu  sehen,  in  welcher  Weise  die 
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einzelnen  Phasen  des  Teilungsaktes  an  dieser  Verlangsamung  beteiligt 
sind.  Zu  dem  Zweck  wollen  wir  folgende  Teilzeiten  unterscheiden  ; 
(1)  vom  Abschluss  der  vorangegangenen  Teilung  bis  zum  Hohepunkt 
der  Monaster  Strahliing;  (2)  vom  Monaster  bis  zum  Amphiaster; 
(3)  vom  Amphiaster  bis  zur  Ausbildung  der  Hantelfigur;    (4)  von 


TABELLE   III 


I.  Beobachtung 

a. 

h. 

c. 

d. 

e. 

/• 

2 

25  Min. 

45  Min. 

20  Min. 

4 

10  Min. 

20  Min. 

10  Min. 

5  Min. 

45  Min. 

8 

5  Min. 

15  Min. 

15  Min. 

5  Min. 

40  Min. 

16 

15  Min. 

15  Min. 

20  Min. 

3.4  Min. 

53  Min. 

32 

35  Min. 

20  Min. 

30  Min. 

4.3  Min. 

89  Min. 

64 

55  Min. 

22  Min. 

30  Min. 

3  Min. 

110  Min. 

II.  Beobachtung 

2 

18  Min. 

42  Min. 

18  Min. 

4 

11  Min. 

16  Min. 

10  Min. 

4  Min. 

41  Min. 

8 

6  Min. 

17  Min. 

14  Min. 

5  Min. 

42  Min. 

16 

20  Min. 

15  Min. 

18  Min. 

4  Min. 

57  Min. 

32 

35  Min. 

24  Min. 

25  Min. 

4  Min. 

88  Min. 

64 

54  Min. 

Zwei  Beobachtungsreihen  ûberden  zeitlichen  Verlauf  der  einzelnen  Furchungs- 
phasen  des  Seeigeleies  (nach  Rhoda  Erdmann).  Kolumne  a:  die  Furchungs- 
stadien.  h:  Zeit  von  der  vorangegangenen  Teiking  bis  zum  Hôliepunkt  des 
Monaster.  c:  Monaster  bis  Amphiaster.  rf:  Amphiaster  bis  Hantelfigur.  e:  Han- 
telfigur bis  Ende  der  Teilung.    /:  Dauer  der  gesammten  Teilung. 

der  Hantelfigur  bis  zum  Abschluss  der  Teilung.  Dièse  vier  Phasen 
haben  offenbar  an  der  durch  die  Zellteilung  geleisteten  Arbeit  ganz 
verschiedenen  Anteil.  In  die  erste  Phase  fallt  die  chemische  Arbeit, 
die  Ausbildung  des  fiir  die  Chromosomen  notigen  Materials.  In  die 
zweite  und  dritte  Phase  fallt  die  Gruppierung  des  Materials  zu 
Chromosomen  und  deren  Teilung;  in  die  vierte  Phase  fôllt  die  me- 
chanische  Ai-beit  der  Protoplasma-Teilung.  Ans  diesen  Tabellen  er- 
gibt  sich  nun,  dass  die  letzte   Phase  sich  im  Grossen  und  Ganzen 
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gleich  bleibt,  dass  sie  keinenfalls  verliingert,  eher  mit  jeder  Teilung 
etwas  abo-ekiirzt  wird.  Die  Zeitdauer  der  zweiten  und  dritten  Pliase 
zusaramengenonimen  wird  im  Verlaufdes  Furchungsprozesses  grosser, 
jedoch  nicht  sehr  erheblich.  Die  Verlangsamung  des  Furchungs- 
prozesses ist  somit  zum  grossten  Teil  durch  die  erste  Phase  bedingt, 
durch  die  Zeit,  in  welcher  nach  meiner  Ansicht  der  Ausgleich  (1er 
Kernplasma-Spannung,  die  chemische  Arbeit  der  Zelle  fallt.  Hierin 
ist  eine  schcine  Bestiitigung  eines  schon  frliher  aufgestellten  Satzes 
gegeben,  dass  Erhohung  der  Kern  plasma-Relation  eine  Verlang- 
samung der  Zellteiliuig  herbeifiihrt;  dièse  Bestiitigung  ist  um  so 
interessanter,  als  hier  durch  die  besondere  Natur  des  Objektes  ein 
Factor  ausgeschaltet  ist,  welcher  bei  gewohnlichen  Zellteilungen, 
z.  B.  den  Teilungen  der  Protozoen,  die  Klarheit  des  Résultâtes 
triibt.  Un  ter  gewohnlichen  Verhaltnissen  fuhrt  Zunahme  der 
Kernplasma-Relation  zu  einer  Zunahme  der  Teilungsgrosse  der 
Zelle  und  daher  zu  einer  Zunahme  der  zu  leistenden  Arbeit.  Beim 
Furchungsprozess  dagegen  nimmt  mit  jedem  neuen  Teilschritt  die 
Kernplasma-Relation  zu,  die  Zellgrosse  und  damit  die  zu  leistende 
Arbeit  ab.    Und  trotzdem  verlangsamt  sich  die  Teilung. 

Eine  merkwurdige  Sonderstellung  nimmt  sowohl  hinsichtlich  der 
Chromosomengrosse  als  auch  des  zeitlichen  Verlaufs  des  Prozesses 
die  zweite  Teilung  ein.  Die  Chromosomengrosse  ist  ganz  unver- 
haltnismassig  gering,  die  Zeit,  in  welcher  ihr  Material  gebildet  wird, 
gleichwohl  auffallend  lang.  Vielleicht  ist  hier  eine  Nachwirkung 
des  so  iiusserst  interessanten  Zustandes  der  reifen  unbefruchteten 
Eizelle  gegeben,  welcher  darin  zum  Ausdruck  kommt,  dass  eine 
ihrer  Constitution  nach  besonders  zu  Teilungen  praedisponierte  Zelle 
so  lange  in  Ruhe  verharrt.  Wir  sind  genotigt,  wie  dies  auch  schon 
von  anderer  Seite  hervorgehoben  wurde,  Hemmungen  von  ganz  be- 
sonderer,  uns  noch  unbekannter  Art  anzunehmen.  ^Yie  schwierig 
dieselben  uberwunden  werden,  geht  daraus  hervor,  dass  auch  bei  der 
ersten  Teilung  vom  Stadium,  in  dem  sich  Eikern  und  Samenkern 
vereinigen,  dem  Monasterstadium,  bis  zur  Spindel  ein  langer  Zeitraum 
vergeht. 

Ausgehend  von  der  Lehre  der  Kernplasma-Relation  habe  ich  hier 
versucht  eine  Théorie  der  Zellteilung  zu  entwerfen  und  zu  zeigen,  wie 
es  jetzt  schon  moglich  ist,  die  Berechtigung  derselben  durch  ganz 
exacte  Untersuchungen  und  Expérimente  zu  priifen. 

Ich  bin  iiberzeugt  und  hofîe  es  sogar,  dass  die  Lehre  lebhaften 
Widerspruch  finden  wird.  Nur  wlirde  ich  wunschen,  dass  nicht  liber 
sie  ohne  Weiteres  der  Stab  gebrochen  wird,  wenn  hier  und  da  ein  Fall 
sich  ergeben  sollte,  welcher  sich  nicht  ohne  Weiteres  dem  Schéma  ein- 
fiigen  lasst.  Schon  in  der  anorganischen  Natur  tritt  uns  die  Gesetz- 
miissigkeit  der  Vorgange  nicht  mit  mathematischer  Klarheit  entgegen, 
weil  die  "Wirkungsweise  einer  Kraft  durch  entgegengesetzt  wirkende 
Krafte  mehr  oder  minder  verdeckt  werden  kann.    Um  wie  viel  mehr 
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ist  dies  bei  dem  so  unendlich  viel  komplizierteren  Getriebe  der  orga- 
nischen  Natur  der  Fall.  Ich  mochte  an  dieser  Stelle  selbst  grosse 
Schwierigkeiten  hervorheben,  welche  meiner  Auffassung  entgegen- 
stehen,  zugleich  aber  auch  auf  den  Weg  hinweisen,  auf  welchem  sich 
dieselben  voraussichtlich  werden  beseitigen  lassen.  Dièse  Schwie- 
rigkeiten bestehen  darin,  dass  es  ausser  der  Zellteilung  imd  Zellkno- 
spung  noch  andere  Wege  gibt,  in  welchen  die  lebende  Substanz  an 
Masse  zunehmen  und  sich  vermehren  kann.  Ich  denke  hier  an  das 
Riesenwachstum  der  Zellen,  wie  es  sich  im  Korper  vieler  Protozoen, 
beim  tierischen  Ei  und  anderen  ahnhchen  Fallen  offenbart.  Hier 
haben  wir  Zellen  vor  uns,  die  urspriinglich  klein  durch  Ernahrung 
heranwachsen,  ohne  dass  Teilungen  eintreten,  obwohl  durch  die 
auch  hier  zu  erwartende  Verânderung  der  Kern  plasma -Relation  Ge- 
legenheit  dazu  geboten  wjire.  Nun  kennen  wir  Riesenzellen  von 
zweierlei  Art,  Riesenzellen  mit  zahlreichen  Kernen,  sogenannte 
Syncytien,  und  Riesenzellen  mit  einem  einzigen  miichtig  vergross- 
erten  Kern.  Die  ersteren  bereiten  der  Erklarung  keine  Schwierig- 
keiten. Hier  handelt  es  sich  um  Modifikationen  oder  Stôrungen  der 
gewohnlichen  Zellteilungen,  die  wir  in  der  Hand  haben  auch  kiinst- 
lich  hervorzurufen,  die  darauf  zuriickzufuhren  sind,  dass  der  durch 
die  Kernplasma-Spannung  ausgeiibte  Reiz  wohl  geniigt,  um  die 
Kernteilung  auszulosen,  nicht  aber  um  die  Teilung  des  Protoplasma 
zu  bewirken.  Der  Grund  hierfiir  kann  ein  doppelter  sein,  einmal,  dass 
der  ausgeiibte  Reiz  nicht  intensiv  genug  ist,  zweitens,  dass  das  Proto- 
plasma  nicht  Energie  genug  hat,  auf  den  Reiz  zu  antworten.  Hiermit 
scheint  mir  aber  auch  der  Weg  gegeben,  um  das  Zustandekommen 
der  Riesenzellen  mit  einem  einzigen  Riesenkern  zu  erklâren,  ein 
Weg,  auf  den  abermals  experimentelle  Untersuchungen  hinweisen. 
Wenn  man  kiinstliche  Parthenogenesis  der  Eier  durch  schwache  Reize 
hervorruft,  so  beobachtet  man  gar  nicht  selten,  dass  auch  die  Kern- 
teilungen  nicht  zum  normalen  Abschiuss  kommen,  dass  die  Chro- 
mosomen  sich  zwar  vermehren,  dann  aber  wieder  unter  einander  sich 
zu  einem  Kern  zusammenfliessen.  Indem  dieser  Prozess  sich  immer 
wieder  von  neuem  wiederholt,  konnen  Riesenkerne  entstehen,  welche 
dem  Keimblaschen  des  Eies  an  Grosse  nicht  nachstehen.  Durch 
dièse  Erfahrungen  werden  wir  darauf  hingewiesen,  auch  die  nor- 
malen Vorkommisse  riesiger  Zellen  mit  riesigem  Kern  und  ihre 
Entstehung  aus  kleinen  einkernigen  Zellen  darauf  zuriickzufiihren, 
dass  die  periodisch  eintretenden  Kernplasma-Spannungen  durch 
Vervielfjiltigung  des  Chromatins,  aber  ohne  Kern-  und  Zellteilung 
ausgefflichen   werden. 

Es  fragt  sich  nun,  ob  man  an  Zellen,  welche  normalerweise  zu  ein- 
kernigen Riesenzellen  heranwachsen,  nocli  Reste  einer  periodischen 
Ausgleichung  von  Kernplasma-Spannungen,  wie  ich  sie  hier  gefor- 
d?rt  habe,  nachweisen  kann.  Obwohl  noch  keine  unter  dem  Ge- 
sichtspunkt   dieser    Fragestellung   unternommenen    Untersuchungen 
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vorlieo^en,  gibt  es  doch  Hinweise,  dass  in  der  Natur  etwas  Analop;es 
vorkommt.  Auf  eine  gewisse  Periodicitat  in  den  Kernveranderuugen 
des  Amphibieneies  haben  Carnoy  und  Lebnni  hingewiesen.  Bei  der 
Ovogenese  von  Dytiscus  hat  Giardina  gefunden,  dass  auf  eine  Période 
der  Teilungen,  in  deren  Verlauf  sich  ans  einer  Eianlage  15  abor- 
tive  Eier  oder  Dotterzellen  und  ein  bleibendes  Ei  entwickeln,  in  der 
ublichen  Weise  die  Wachstumsperiode  der  Geschlechtszellen  folgt. 
Wiihrend  derselben  werden  in  den  Kernen  der  Dotterzellen  mehr- 
mals  hintereinander  Teilungsversuche  eingeleitet  und  wieder  riick- 
gîingig  gemacht;  aus  dem  Chromatin  entwickeln  sich  Tetraden, 
welche  sich  wieder  riickbilden,  indem  sich  ihre  Substanz  auf  das 
Reticulum  verteilt.  Andeutungen  dieser  merkwurdigen  Vorgiinge 
werden  auch  fur  das  Ei  beschrieben. 

Auf  den  Versuch  einer  Zweiteilung  ist  vielleicht  auch  die  so  viel 
in  der  Literatur  besprochene  Biklung  von  Doppelchromosomen,  (his 
diplotaene  Stndium  der  Geschlechtszellen  zuriickzufUhren,  wek-hes 
meistens  durch  Annahme  einer  Konjugation  von  Chromosomen  er- 
klart  wird.  Bekannthch  leitet  dièses  Stadium  die  fur  unsere  Betrach- 
tungen  so  wichtige  Wachstumsperiode  der  Ovocyte  und  Spermatocyte 
ein,  zu  deren  Beginn  sich  auch  die  Reduktion  der  Chromosomenzahl 
auf  die  Hiilfte  voUzieht.  Das  Stadium  hat  fur  allgemeine  Fragen  dev 
Zellenlehre  ein  ganz  besonderes  Interesse.  Zellen,  welche  bisher  eine 
unausgesetzte  Vermehrung  durch  Zweiteilung  erfahren  haben,  stellen 
plotzlich  dièse  Vermehrung  ein  und  nehmen  dafiir  an  Masse  zu. 
Dièse  aufîallende  Erscheinung  hat  man  bisher  versucht  als  eine 
zweckraassige  Einrichtung  verstandlich  zu  machen  :  Das  Ei  muss 
wachsen,  um  das  zur  Ausbiklung  eines  neuen  Organismus  ntitige 
Material  zu  sammeln.  Dem  muss  man  entgegenhalten,  dass  eine 
solche  Zweckmassigkeitserklarung  keine  causale  Erklarung  gibt,  da 
sie  uns  vollkommen  im  Dunkeln  liisst,  welche  cellularen  Vorgiinge 
die  zweckmiissige  Einrichtung  hervorrufen.  Die  Erklarung  ist  aus- 
serdem  nicht  einmal  ganz  zutrefïend  ;  denn  sie  passt  wohl  fiir  die 
Ovogenese,  nicht  aber  fiir  die  Spermatogenese.  Auch  die  Sper- 
matocyten  zeigen  die  Wachstumsperiode,  obwohl  doch  hier  die 
Entwicklung  das  genaue  Gegenteil  wie  beim  Ei  anstrebt,  moglichst 
kleine  und  bewegliche  Elemente.  Ich  habe  daher  den  Versuch  ge- 
macht, die  Wachstumsperiode  der  Geschlechtszellen  durch  einen 
Vergleich  mit  den  Depressionszustanden  der  Protozoen  verstandlich 
zu  machen.  Auf  Zeiten  lebhafter  Vermehrung  folgt  bei  Protozoen 
eine  Zeit,  in  welcher  Assimilation  und  Vermehrung  darniederliegen. 
So  wurde  auch  die  Vermehrung;  der  Geschlechtszellen  durch  eine 
Depressionsperiode  unterbrochen  werden,  wiihrend  welcher  die  Ver- 
mehrung aufhort,  nur  mit  dem  Unterschied,  dass  bei  den  Eiern  die 
Fâhigkeit  zu  assimilieren  erhalten  bleibt.  Von  einem  genaueren 
Studium  der  vorausgehenden,  in  allen  Arbeitcn  so  stiefmiitterlich 
behandelten    Vermehrungsperiode    werden    voraussichtlich    weitere 
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Beweise  fur  die  hier  gegebene  Auffassung  zu  erwarten  sein.  Durch 
exacte  INIessungen  muss  sicli  ja  feststellen  lassen,  ob  durch  alhnah- 
liche  Ziinahme  der  Kernplasma-Relation,  wie  bei  Protozoen  die 
Teikmgsbehinderung  vorbereitet  wird.^ 

Die  Erscheinung,  dass  ein  Kern,  welcher  Uingere  Zeit  befahigt  war, 
sowohl  das  ^Yachstum  wie  die  Teikmg  auszulosen,  im  weiteren  Verlaiif 
die  zur  Teikuig  notigen  Qualitaten  einbiisst,  die  zura  Wachstum  noti- 
gen  diigegen  behalt,  dass  er  soinit  nur  partiell  in  Dépression  ver- 
fa  lien  ist,  macht  die  Annahme  notig,  dass  seine  Masse  im  Vergleich 
zu  friiher  nicht  nur  eine  Zunahrae,  sondern  auch  eine  qualitative 
Veranderung  erfahren  hat,  dass  zu  dem  anfanglich  vorhandenen 
vollwertigen  Chromatin  ein  minderwer tiges,  nur  das  Wachstum 
ermoglichendes  Chromatin,  ein  Trophochromatin,  hinzugetreten  ist. 
Ein  derartiger  Dualismus  der  Kernsubstanzen  lasst  sich  bei  allen 
einkernigen  Riesenzellen  feststellen  und  gibt  sich  zu  erkennen  in 
der  iVrt,  in  welcher  die  Riesenzelle  wieder  in  den  normalen  Zustand 
vieler  kleiner  Zellen  zuriickkehrt.  Bei  dem  Studium  dieser  Vorgange 
darf  man  sich  nicht  auf  einen  so  hoch  spezialisierten  Fall  wie  das 
tierische  Ei  es  ist,  beschranken,  sondern  muss  auch  die  zahlreichen 
Beispiele  ausnutzen,  welche  Protozoen  mit  Riesenkernbildurg  vor 
Allem  Radiolarien  und  Gregarinen  uns  liefern.  Die  Umwandlurgs- 
weise  ist  hier  mannigfaltig  variiert,  zeigt  aber  einen  Grundzug:  dass 
ein  mehr  oder  minder  ansehnlicher  Teil  des  Kerns,  eben  das  Tro- 
phochromatin zu  Grunde  geht,  ein  anderer  Teil  zum  Aufbau  voll- 
wertiger  Tochtcrkerne  benutzt  wird.  Es  ist  nun  von  hohem  Intéresse 
zu  verfolgen,  wie  sich  das  ÎNlassenverhaltnis  beider  Chromatine  zu 
einander  in  den  einzelnen  Fiillen  gestaltet.  Bei  den  Radiolarien  wird 
die  Hauptmasse  des  Materials  zum  Aufbau  der  Kerne  der  Zoosporen 
verwandt,  ein  kleiner  Rest  geht  zu  Grunde.  Bei  den  Eiern  ist  das 
entgegengesetzte  Extrem  realisiert  besonders  bei  den  grossen  Eiern 
der  Amphibien.  Zwischen  beiden  Extremen  ergeben  die  Gregarinen, 
deren  Restkorper  auf  die  Bildung  von  Trophochromatin  zuriickzu- 
fiihren  ist,  aile  Uebergange. 

Indem  ich  versuchte,  die  Entstehung  und  Umbildung  der  Riesen- 
zellen mit  der  Lehre  von  der  Kernplasma-Relation  zu  vereinbaren,  bin 

'  Die  Idée,  dass  die  Wachstumsperiode  des  Eies  auf  abortive  Toiiungen  zu- 
rûckziifûhren  sei,  wurde  in  mir  schon  vor  fùnf  Jahren  wachgerufen,  als  ich  auf  die 
Schwieriskeiten  aufmerksam  wurde,  welche  meiner  Théorie  der  Zellteiking  aus 
dem  Vorkommen  von  Riesenzellen  mit  Riesenkernen  erwuchsen;  die  Idée  fand 
eine  Stiitze  in  den  Untersuchungen  Carnoy's  und  Giardina's.  Als  ich  dann  Ge- 
legenheit  hatte,  die  schônen  Praparate  der  Herren  Dr.  Popoff  und  Dr.  Wasilieff 
iiber  das  diplotaene  Stadium  bei  den  Eiern  von  Paludina  und  den  Hodenzellen 
von  Periplaneta  kennen  zu  lernen,  wurde  ich  darauf  gefûlnt,  dièses  àusserst  in- 
téressante Stadium  als  Zeichen  einer  ersten  Abortivteilung  aufzufassen.  Durch 
Herm  Kollegen  Haeckcr  wiirde  ich  darauf  aufmerksam  gemacht,  dass  schon  vor 
mir  Woltereck  beim  Studium  der  Ovogenese  von  Cypris  den  Gedanken  gefasst  hat, 
dass  die  Doppelchromosomen  im  diplotaenen  Stadium  auf  einen  nicht  zu  Ende 
gefiihrten  Teilungsprozess  zu  beziehen  seien;  er  hat  es  aber  unterlassen,  daraus 
Konsequenzen  zur  Erklàrung  des  Riesenwachstums  der  Zellen  zu  ziehen. 
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ich  aus  den  Grenzen,  welche  ich  diesen  Ausfuhrungen  gezogen  habe, 
schon  heraiisgetreten.  Ich  hatte  in  Absicht,  auseinanderzusetzen, 
wie  die  rein  quantitative  Betrachtung  der  Bestandteile  der  Zelle, 
welche  exacter  Untersuchung  durch  Mass  und  Experiment  leicht  zu- 
giinglich  sind,  uns  jetzt  schon  Einbhcke  in  den  Verlauf  des  Zellen- 
lebens  gewiihrt  und  fiir  die  Zukunft  bei  methodischer  Fortbildung 
reiche  Ausbeute  in  x\.ussiclit  stellt.  Mit  unseren  Betrachtungen  iiber 
Riesenzellen  haben  wir  das  Gebiet  der  in  den  Kernsubstanzen  her- 
vortretenden  quaUtativen  Verschiedenheiten  beriihrt.  Es  wiirde  eine 
lohnende  Aufgabe  sein,  auch  dièses  Gebiet  zum  Gegenstand  einer 
zusammenhiingenden  DarsteUung  zu  machen.  Ist  es  doch  in  der  Neu- 
zeit  ein  LiebHngsgebiet  cellularer  Forschung  geworden,  welches  nicht 
zum  wenigsten  auf  amerikanischem  Boden  eifrige  Pflege  gefunden 
hat.  Ich  brauche  hier  nur  die  Arbeiten  Boveri's,  Montgoraery's 
Sutton's,  Wilson's,  und  zahlreicher  anderer  hervorzuheben.  Die- 
selben  enthalten  Versuche,  eine  Art  quahtative  Analyse  der  Zelle  und 
ihrer  Bestandteile  zu  geben,  wenn  auch  nicht  ihrer  chemischen,  so 
doch  ihrer  morphologischen  Qualitiiten.  Abnorme  Furchungs- 
prozesse  werden  zu  einer  biologischen  Analyse  der  Eigenschaften  der 
Chromosomen  benutzt;  die  Reifungsteilungen  werden  studiert,  ura 
sie  mit  dem  Mendel'schen  Gesetz  in  Einklang  zu  bringen;  schliess- 
lich  gedenke  ich  noch  der  Bestrebungen  die  Sexualitat  aus  der  An- 
wesenheit  specifischer  Chromosomen  zu  erklâren.  Auch  dièse 
qualitativen  Untersuchungen  der  Zellbestandteile  laufen  darauf 
hinaus,  die  Zellenlehre  zu  einem  Object  exacter  Forschung  zu  machen, 
wenn  sie  auch  naturgemâss  mit  grosseren  Schwierigkeiten  zu  kampfen 
haben  als  die  hier  besprochenen  Fragen.  Und  so  konnen  wir  denn 
mit  berechtigter  Zufriedenheit  auf  den  Entwicklungsgang  blicken, 
den  in  der  Neuzeit  die  Zellenlehre  genommen  hat.  Konnen  wir  doch 
von  ihr  sagen^  dass  sie  unser  Wissen  nicht  nur  mit  Kenntnissen, 
sondern  auch  mit  Erkenntnis  bereichert  hat. 
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It  is  my  purpose  to  call  to  your  attention  certain  results  of  speciali- 
zation  that  may  be  new  to  you,  and  I  must  first  speak  of  matters  that 
are  more  familiar. 

We  are  a  band  of  specialists,  drawn  together  by  common  interest 
in  zoology;  but  the  field  is  too  wide  for  us,  and  we  must  specialize 
still  more  to  make  progress,  but  we  do  not  take  pride  in  this  necessity. 
Newton's  simile  of  the  child  gathering  little  pebbles  of  truth  on  the 
shore  of  the  great  océan  of  natural  knowledge  strikes  a  responsive 
chord  in  every  one  of  us,  and  we  long  to  pkmge  into  the  water  and  see 
what  is  there;  but  we  cannot  even  stroU  along  the  beach  as  Newton 
did.  We  must  gather  our  pebbles  in  some  little  eddy,  and  our  suc- 
cessors  will  be  still  more  restricted  ;  not  because  discovery  is  narrow- 
ing  the  field,  but  because  the  field  is  growing  with  each  discovery. 

It  is  not  love  of  narrowness,  but  hard  necessity,  that  makes  the 
specialist.  We  long  to  know  ail  that  is  recorded  in  books  about 
nature,  and  to  read  the  journals  of  progress  in  ail  branches  of  science; 
but  they  are  closed  books  to  us.  We  do  not  know  the  language  they 
are  written  in,  for  much  of  the  literature  of  zoology  is  unintelligible 
to  us.  If  this  be  true  of  the  literature  of  science,  how  much  more 
difficult  must  it  be  for  one  to  study  any  aspect  of  nature  except  the 
one  he  has  made  his  own  ?  We  may  regard  the  breadth  of  our  own 
minds  with  satisfaction,  but  we  know,  from  observation  of  others, 
that  specialization  does  tend  to  narrowness.  We  may  résolve  to  keep 
our  minds  without  préjudice  and  our  sensés  keen  and  alert  to  ail  truth, 
and  we  may  think  we  hâve  succeeded,  but  we  are  aware  that  our 
colleagues  hâve  not  succeeded. 

The  specialist  dévotes  himself  to  that  which  he  has  made  his  own 
to  the  neglect  of  that  which  does  not  interest  him,  or  does  not  seem  to 
concern  him,  or  éludes  his  notice.  Specialization  may  be  délibéra  te, 
or  it  may  be  involuntary,  or  even  unconscious.  Most  of  us  hâve,  no 
doubt,  been  drawn  to  our  specialty  by  the  natural  bent  of  our  minds 
ralher  than  by  deliberate  choice.  The  zoologist  who  best  deserves  the 
name  is  one  whose  natural  bent  has  been  too  strong  for  him,  so  that 
he  has  studied  zoology  because  he  could  not  help  it.  If  this  be  true, 
may  we  not  be  specialists  in  Unes  that  we  do  not  suspect,  specialists 
without  knowing  it  ? 
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Scientific  men  and  professional  men  and  artists  and  craftsmen  are 
not  the  only  specialists,  for  we  hâve  ail  men,  and  indeed  ail  living 
beings  in  our  company,  It  is  not  the  limitation  of  our  faculties,  but  the 
wrong  use  of  them,  that  shows  that  ail  living  beings  are  specialists, 
for  this  proof  is  afforded  by  their  ability  to  blunder. 

What  is  it  that  takes  place  when  a  snake  swallows  a  china  nest-egg 
and  dies  of  indigestion?  Is  it  not  something  like  this?  Its  organic 
machinery  is  such  that  the  discovery  of  a  bird's  egg  in  a  nest  throws  it 
into  the  séries  of  movements  that  lead  to  the  seizing  and  swallowing 
and  digestion  and  assimilation  of  the  egg;  and  this  séries  of  activities, 
under  the  stimulus  of  an  egg  in  a  nest,  has  been  bénéficiai,  on  the 
whole,  to  its  ancestors.  I  do  not  know  whether  the  snake  is  consciously 
aware  of  the  egg  or  not;  but  if  it  is,  it  knows  very  little  about  eggs: 
onlysome  of  their  most  obvions  properties,  —  that  they  are  found  in 
nests,  and  are  firm  and  warm  and  rounded.  It  is  a  specialist.  If  it 
perceives  at  ail,  it  perceives  in  eggs  only  that  which  interests  it,  to  the 
neglect  of  ail  that  does  not  concern  it;  so  it  may  blunder  and  get  into 
difficulties,  and  die  for  its  blunder.  If  a  race  of  snakes  lived  upon  eggs 
exclusively,  and  if  china  eggs  were  about  as  abundant  as  Birds'  eggs, 
and  if  every  snake  that  blundered  died,  the  survivors  will  be  the  ones 
that  hâve  their  organic  machinery  best  coordinated  with  respect  to 
eggs,  or,  to  speak  metaphorically,  those  that  know  most  about  eggs  ; 
but  they  will  still  remain  speciahsts,  responding  to  nothing  in  eggs 
except  that  which  has  been,  on  the  average,  important  to  them. 

Whenever  the  organic  machinery  of  a  living  being  is  thrown  into 
activity  by  something  that  affects  it  like  some  important  élément  in  its 
natural  environment,  while  différent  in  other  respects,  it  blunders. 
The  blunder  is  the  neglect  of  something  that  does  not  seem  to  concern 
it.  It  is  because  it  is  a  specialist  that  it  may  blunder.  It  makes  no 
différence  whether  the  neglect  is  voluntary  or  involuntary,  conscious 
or  unconscious.  The  resuit  is  the  same.  It  is  important  to  note  that 
a  blunder  is  not  an  error.  It  is  truth,  but  not  the  whole  truth,  and  the 
error  is  in  mistaking  part  for  the  whole. 

It  is  possible  to  prove  in  détail  that  any  living  being  may  blun- 
der. Take  as  an  illustration  the  germination  of  a  seed.  In  the 
natural  course  of  events  moisture  and  soluble  food  are  to  be  found 
under  ground,  sunlight  and  fresh  air  above  ground.  Under  the 
stimulus  of  gravity  upon  its  organic  machinery,  the  plumule  grows 
away  from  and  the  radicle  towards  the  center  of  the  earth.  When  a 
seed  germinates  on  a  horizontal  wheel  that  turns  with  a  velocity  that 
counterbalances  its  weight,  its  radicle  grows  away  from  and  its 
plumule  towards  the  axis  of  rotation,  although  this  fails  to  bring  them 
where  they  should  be  for  the  good  of  the  plant. 

Is  it  not  through  the  ultimate  extermination  of  the  descendants  of 
blunderers  that  the  organic  machinery  of  living  beings  is  gradually 
improved  through  the  survival  of  the  fittest  ? 
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We  are  told  that  human  beings  hâve  a  shorter  way,  growing  wiser 
by  expérience.  This  is  held  to  be  a  condition  précèdent  to  sélection, 
siipplying  its  raw  material.  We  hear  less  than  we  once  did  about  the 
inheritance  of  acquired  characters,  and  the  modem  zoologist  will  not 
hghtly  beheve  that  a  man,  or  any  other  Hving  being,  can  do  or  think 
anything  that  is  not  the  outcomeof  the  activity  of  its  organic  machinery. 
Improvement  through  expérience  is  not  equally  distributed  among 
men  ;  some  discovering  through  a  single  expérience  what  others  fail 
to  find  out  after  a  lifetime  of  expérience,  for  no  one  can  profit  by 
expérience  without  the  machinery  for  so  profiting. 

I  hâve  never  been  able  to  find  any  meaning  in  the  assertion  that 
expérience  supplies  the  raw  material  for  sélection  ;  because  expérience 
seems  to  me  to  be  sélection.  It  seems  to  me  that  the  work  of  expéri- 
ence is  to  "  unravel  our  préjudices  and  mistakes,  untwisting  the  closest 
connections,  distinguishing  things  that  are  difterent,  instead  of  con- 
fused  and  perplexed,  giving  us  distinct  views,  gradually  correcting  our 
judgment  and  reducing  it  to  a  philosophical  exactness."  Is  anything 
more  likely  than  confusion  and  perplexity  of  mind  to  lead  to  failure  in 
the  struggle  for  existence?  Will  not  the  population  of  the  future  be 
descended,  other  things  being  equal,  from  those  whose  mental  exactness 
and  distinctness  give  them  an  advantage  in  this  struggle  ?  Is  not  this 
what  we  mean  by  the  educational  value  of  science?  Is  not  natural 
sélection  the  graduai  improvement  of  the  bodily  machinery,  and  its 
practical  adjustment  to  the  environment,  through  the  unraveling  of 
blunders,  the  untwisting  of  the  closest  connections,  the  distinguishing 
of  things  that  are  différent,  and  the  replacement  of  confused  and  per- 
plexed adjustments  by  those  that  are  relatively  distinct  and  exact? 
If  this  be  true,  is  conscious  expérience  eitlier  more  or  less  than  appré- 
hension of  the  unceasing  progress  of  the  sélective  process  ?  Can  it 
be  conceived  or  imagined  as  précèdent  to  sélection  ?  Can  there  be 
any  way  for  us  to  avoid  being  specialists  ? 

Our  own  organic  machinery  and  that  of  the  higher  animais,  per- 
haps  that  of  ail  animais,  permits  versatility,  and  we  never  do,  and 
indeed  cannot  do,  ail  that  is  permitted  by  our  machinery  ;  for  this  is  so 
constituted  that  acts  become  casier  by  répétition,  while  it  grows  more 
and  more  diffîcult  to  départ  from  the  beaten  paths  of  habit  and 
custom.  We  say  practice  makes  perfect,  but  it  onîy  helps  us  to  do  one 
thing  well  at  the  sacrifice  of  versatility,  or  ability  to  do  many  things. 
This  it  is  to  be  a  specialist.  I  need  not  dwell  upon  the  value  of  habit 
and  custom.  AU  training  and  éducation  illustrate  it.  It  enables  the 
specialist  to  do  his  work  with  more  rapidity  and  exactness  and  efficiency 
than  an  untrained  man.  Our  minds  are  like  our  bodies,  for  a  path  that 
our  thoughts  hâve  once  traversed  becomes  more  easy  and  automatic 
with  each  répétition,  while  it  grows  harder  for  us  to  consider  that 
which  lies  outside  the  borders  of  this  path.  Are  we  not  like  the  snake 
that  gets  into  difBculties  when  it  responds  to  a  narrow  and  imperfect 
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view  of  the  truth  ahout  eggs  as  if  it  were  ail  the  truth  attainable? 
The  response  of  the  snake  has  practical  value,  but  if  it  were  a  uian  and 
an  embryologist,  its  knowledge  of  eggs  would  not  help  it  to  find  out 
what  goes  on  in  génération  from  eggs. 

So  far  as  we  are  born  specialists,  we  may  forget,  or  fail  to  perceive, 
or  even  deny,  what  is  plainly  before  our  eyes,  for  this  is  the  penalty 
we  pay  for  being  specialists.  We  may  thus  be  led  to  opinions  that 
seem  to  be  the  obvions  conclusions  of  sound  reasoning  when  they  are 
nothing  but  blunders. 

I  shall  now  try  to  point  out  some  of  the  bearings  of  this  analysis  of 
specialization  upon  some  of  the  current  views  of  zoologists,  introduc- 
ing  the  subject  by  an  illustration  drawn  from  astronoray,  that  most 
exact  of  sciences. 

The  specialist  in  celestial  mechanics  treats  the  members  of  the 
solar  System  as  a  number  of  mathematical  points  without  extension; 
and  he  is  w^arranted  in  so  doing  for  the  purpose  he  has  in  view,  if  he 
thus  reaches  practical  results  that  are  of  value,  either  immediately  or 
indirectly,  to  mankind.  We  know  that  the  masses  of  the  planets  are 
not  détachable  from  them,  nor  localized  at  their  centres  of  grayity, 
The  unextended  points  of  the  celestial  mechanic  are  mathematical 
symbols  that  do  not  correspond  to  anything  in  nature.  While  we  admit 
the  value  of  the  mechanic's  results,  and  hold  them  in  high  esteem, 
they  hâve  no  value  for  any  purpose  except  that  for  which  they  were 
devised.  As  a  basis  for  the  study  of  the  origin  and  history  of  the  solar 
System  they  hâve,  in  themselves,  so  little  value  that  it  is  not  worth 
considering.  The  failure  of  a  point  to  symbolize  ail  we  know  about 
this  earth  of  ours  is  grotesque. 

Heredity  is  the  resemblance  that  a  living  being  exhibits  to  its 
parents  and  its  more  remote  ancestors,  and  to  others  of  its  kind,  while 
its  différence  from  its  kind  is  called  variation.  We  are  sometimes  told 
that  heredity  makes  beings  inherit,  while  variation  makes  them  vary  ; 
but  this  metaphorical  language  is  disappearing  from  our  literature  so 
fast  that  it  does  not  call  for  comment  at  this  late  date,  for  we  no  longer 
think  that  geotropism  makes  roots  grow  downwards,  that  sélection 
sélects,  nor  that  anemotropism  makes  the  windmill  turn. 

I  ask  you  to  consider  heredity  inductively  as  the  resemblance  of  a 
living  being  to,  or  its  kinship  with,  its  kind,  and  variation  as  individu- 
ality  or  différence  from  kind. 

On  the  average,  the  descendant  resembles  its  parents  and  more 
remote  ancestors  and  its  collatéral  relatives  more  than  it  resembles 
anything  else  in  nature  ;  but  it  is  never  identical  with  them.  We  may 
consider  a  living  being  as  a  type  or  sample  of  its  kind  for  the  purposes 
of  the  specialist  in  systematic  zoologv;  saying,  in  our  careless  way, 
that  organisms  exhibit  spécifie  identity  behind,  or  in  spite  of,  their 
variety,  when  we  mean  that  while  they  are  never  like  their  parents 
they  resemble  them. 
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We  never  say  one  horse  is  the  same  as  another,  for  we  know  they 
are  différent  for  ail  the  purposes  that  interest  us  in  horses.  One  sheep 
may  be  the  same  as  another  to  one  who  does  not  know  sheep  as  we 
know  horses  or  men.  They  are  the  same  to  the  anatomist  and  the 
physiologist  and  the  histologist,  so  far  as  thèse  specialists  are  not  con- 
cerned  with  their  différences  ;  but  they  are  not  the  same  to  the  breeder 
nor  to  the  shepherd  nor  to  his  dog,  nor  to  each  other,  for  each  ewe 
knows  her  lamb. 

This  diversity  in  unity  is,  no  doubt,  common  to  ail  natural  objects; 
but  it  is  most  impressive  in  familiar  living  beings,  in  our  friends  and 
acquaintances,  our  dogs  and  horses,  and  in  the  plants  that  we  tend  with 
our  own  hands.  We  may  think  of  the  unknown  stranger  in  the  crowded 
Street,  or  the  citizen  of  some  strange  country,  or  the  stalks  in  the  corn- 
field  that  we  pass  in  the  railroad  train,  as  représentatives  of  species 
and  nothing  more;  but  ail  the  living  beings  we  know  practically,  we 
know  as  individual  members  of  their  kind.  If  we  are  permitted  to 
reason  from  the  things  we  know  best  to  those  that  are  less  familiar,  we 
must  believe  that  every  organism  is  an  unique  member  of  its  kind  ; 
more  like  its  kind  than  like  anything  else,  but  never  identical  with 
them.  We  say  like  générâtes  like,  but  it  never  does  generate  its  like 
in  any  literal  or  absolute  sensé  of  the  word.  Reproduction  is  the 
génération  of  unique  beings  that  are,  on  the  average,  more  like  their 
kind  than  like  anything  else.  We  may,  for  our  own  purposes  and  in 
our  minds,  consider  their  individuality  and  their  kinship  apart,  but 
this  does  not  show  that  they  are  separable  in  fact.  Living  beings  do  not 
exhibit  unity  and  diversity,  but  unity  in  diversity.  Thèse  are  one  in 
fact,  and  not  two. 

Ail  this  is  familiar,  but  I  ask  you  to  reflect  upon  it  and  décide  for 
yourselves  whethcr  it  does  not  mean  that  inheritance  or  resemblance 
to  ancestors,  and  variation  or  différence  from  ancestors,  are  imper- 
fect  mental  concepts  and  not  facts;  whether  the  fact  is  not  the  in- 
dividuality in  kinship  of  each  living  thing.  Each  of  you  must  answer 
this  simple  question  for  himseff.  I  cannot  regard  them  as  facts,  as 
they  seem  to  me  to  be  only  imperfect  ideas  of  facts,  mental  states 
that  hâve  arisen  through  partial  views  of  our  knowledge  of  génération 
to  the  neglect  of  that  wliich  has  not  seemed  to  interest  us.  Is  not  the 
delight  of  intimate  acquaintance  with  animais  due  to  the  inseparable- 
ness  of  their  kinship  from  their  individuality? 

When  we  separate  in  our  minds  what  is  not  separable  in  fact,  are 
we  not  in  danger  of  forgetting  that  we  are  specialists  and  mistaking 
our  own  notions  for  living  beings?  Can  this  lead  to  anything  but 
mental  confusion  ? 

I  hope  you  will  not  accuse  me  of  opposition  to  the  scientific  study 
of  inheritance  and  variation,  for  nothing  is  farther  from  my  thought. 
The  resemblances  and  différences  betvveen  organisms  are  as  worthy  of 
study  as  arithmetic,  which  has  been  of  inestimable  value  to  mankind, 
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thougli  there  is  no  quantity  without  qiialities.  My  view  of  the  matter 
is  not  antagonistic  to  scientific  discovcry  by  observation  and  experi- 
ment,  nor  opposed  to  the  attempt  to  bring  facts  together  by  théories; 
but  you  ail  know  that  biology  lias  not  been  without  worthless  hy- 
pothèses. Is  it  not  obvions  that  a  hypothesis  is  worsc  than  worthless 
unless  it  is  based  on  ail  the  pertinent  facts  in  our  possession  ?  would 
a  hypothesis  as  to  the  nature  of  things  based  on  arithmetic  hâve  any 
value  ?  or  does  this  hâve  any  more  bearing  upon  the  value  of  arithmetic 
or  biométrie  for  their  purposes  than  it  lias  upon  the  value  of  celestial 
mechanics  for  its  purpose  ?  We  cannot  make  progress  in  knowledge 
without  specializing,  but  this  is  not  an  unmixed  advantage,  and  if  it 
blinds  our  eyes  to  the  real  world  that  lies  before  them  it  may  lead  to 
disaster  if  we  try  to  construct  théories  on  a  partial  and  imperfect  view 
of  well-known  facts.  Things  do  not  cease  to  be  because  we  fail  to 
consider  them,  and  when  we  fîx  attention  on  some  partial  and  imper- 
fect view  of  nature,  to  the  neglect  of  that  which  does  not  interest  us, 
we  may  forget  the  reality  of  that  which  we  fail  to  consider,  and  we  may 
thus  be  led  to  theoretical  conclusions  that  seem  to  be  the  logical 
results  of  sound  reasoning  when  they  are  nothing  more  than  new 
illustrations  of  the  threadbare  fallacy  of  the  undistributed  middle, — 
the  fallacy  that  consists  of  our  taking  part  for  the  whole. 

Reproduction  is  the  transmission  of  living  matter,  and  it  is  part  of 
the  proper  work  of  the  zoologist  to  find  out,  by  observation  and  experi- 
ment,  what  it  is  in  the  transmission  of  which  génération  consists;  but 
it  by  no  means  follows  that  there  is  meaning  in  our  words  when  we  call 
that  which  is  thus  transmitted  in  génération  the  substance  of  heredity, 
or  the  bearer  of  the  qualities  of  the  species. 

If  you  agrée  with  me  that  resemblance  to  ancestors  does  not  exist 
in  nature  separable  from  individuality  or  différence  from  ancestors, 
that  heredity  is  not  a  fact  but  an  imperfect  view  of  facts,  admitting  of 
improvement  by  comparison  with  nature,  and  in  no  other  way,  what 
becomes  of  the  notion  of  a  substance,  or  bearer,  of  heredity  ?  There  is 
no  doubt  a  material  équivalent  for  every  mental  process,  and  the 
physical  basis  of  heredity  may  be  in  the  brain  of  the  spéculative  zoolo- 
gist, for  I  cannot  find  it  in  chromatin,  nor  in  germ-plasm,  nor  in  living 
beings.  I  am  in  thorough  sympathy  with  efforts  to  find  theoretical 
interprétations  of  facts.  AU  I  plead  for  is  that  we  base  our  théories 
on  ail  the  pertinent  facts  in  our  possession.  A  hypothesis  that  is  based 
upon  some  narrow  and  spécial  view  of  familiar  facts  is  not  even  a 
working  hypothesis.  If  it  does  work,  it  can  work  nothing  but  mis- 
chief.  It  is  a  blunder.  Can  we  hope  that  the  hypothesis  of  a  sub- 
stance of  heredity  will  lead  us  to  new  facts,  when  it  fails  to  direct  our 
attention  to  familiar  facts  ? 

If  you  chose  to  déclare  that  my  contention  that  inheritance  is 
not  a  fact  is  a  metaphysical  subtilty,  I  cannot  help  it.  Call  me  a 
metaphysician  if  you  wiîl  ;  but  may  it  not  be  the  spéculative  zoologist 
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who  hunts  in  chromatin  or  in  germ-plasm  for  the  physical  basis  of 
the  imperfection  of  his  ideas  who  is  the  real  metaphysician,  and 
not  I,  who  plead  for  nothing  but  the  correction  of  our  scientitic  con- 
cepts, and  their  réduction  to  exactness,  through  comparison  with 
nature  ? 

Science  is  making  marvelous  révélations  of  the  order  that  per- 
vades  the  apparent  disorder  of  nature,  showing  us,  by  the  statistical 
method,  the  most  admirable  and  wonderful  regularity  in  the  course  of 
events  that  had  seemed  to  be  chaotic;  but  this  statistical  method 
deals  with  averages,  while  the  natural  world  is  concrète.  No  living 
being  is  a  statistical  average,  and  it  is  the  peculiar  task  of  zoology  to 
recall  attention  to  the  diversity  of  the  statistical  data,  thus  making 
equally  marvelous  révélations  of  the  endless  variety  and  boundless 
wealth  of  nature,  for  science  deals  with  discovery  and  progress,  not 
with  finality.    The  test  of  truth  is  évidence  and  not  averages. 

The  biometrician  tells  us  of  a  standard  or  norm  from  which  living 
beings  recède  by  variation,  and  to  which  they  approximate  by  hered- 
ity;  but  the  normal  or  average  living  being  does  not  exist  in  nature. 
The  student  of  statistics  talks  glibly  of  the  normal  man  as  if  lie  were  a 
public  character,  the  familiar  accjuaintance  of  men  of  intellect,  and  a 
well-known  face  to  even  the  common  herd.  The  thoughtful  zoologist 
déclares  that  he  knows  no  such  person  ;  that  ail  men  are  particular 
men,  concrète  and  imique  ;  that  the  normal  man  is  a  fictitious  char- 
acter, in  which  ail  that  is  distinctive  of  each  human  being  is  ignored. 
My  friend  is  not  a  statistical  average,  for  there  is  no  one  like  him. 
Tables  of  mortality  are  useful  and  well  worthy  of  construction  and 
analysis,  but  they  hâve  no  bearing  upon  the  date  of  your  death  nor  of 
mine. 

We  are  told  that  while  the  development  of  an  egg  into  an  individual 
may  be  due  to  the  interaction  between  it  and  its  internai  and  exter- 
nal  environment,  the  species  is  in  the  egg  in  itself,  because  like 
could  not  produce  like  if  it  were  not. 

Like  never  does  produce  like,  but  only  somewhat  like.  If  what 
has  corne  about  once  may  come  about  again  under  similar  conditions, 
it  is  among  the  possibilities  of  nature  that  a  new  animal  kingdom,  as 
rich  and  diversified  as  the  one  we  know,  might  arise,  in  course  of  âges, 
from  a  starting-point  in  a  germ-cell  of  some  modem  organism,  for 
we  know  nothing  that  forbids  in  the  architecture  of  germ-plasm. 

One  can  understand  how  the  notion  that  species  is  in  germ-cells 
has  come  to  prevail.  Nothing  in  nature  except  the  human  mind 
seems  easier  to  contemplate  as  an  independent,  self-sustaining,  self- 
sufficient  whole  than  is  an  egg.  The  symbolical  comparison  of  the 
universe  to  an  egg  appeals  to  ail,  for  nothing  seems  easier  than  to 
think  of  an  egg  as  a  metaphysical  thing  in  itself,  a  self-centred  and 
self-sufficient  microcosm. 

For  many  of  the  purposes  of  the  embryologist  it  is  convenient 
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and  legitimate  to  consider  it  as  a  complète  and  self-sustaining  being; 
but  one  must  not  forget  what  thèse  practical  purposes  are,  for  the 
use  of  a  concept  for  a  practical  purpose  is  apt  to  end  in  belief  that  it  is 
true  in  gênerai  and  useful  for  ail  purposes,  and  thus  to  entangle  one 
in  unexpected  paradoxes,  such  as  the  interminable  controversy  about 
epigenesis  and  évolution. 

You  know  what  mischief  has  been  made  in  science  by  the  notion 
that  the  human  mind  is  a  self-sustaining  entity.  Why  then  should 
you  expect  anything  but  mischief  from  the  notion  that  the  develop- 
ment  of  an  egg  is  in  itself  ? 

Every  reflective  zoologist  knows  that  no  living  being  is  self-suffi- 
cient,  and  that  it  would  be  what  it  is,  or  be  at  ail,  were  it  not  part  of 
the  natural  world,  although  no  truth  seems  easier  to  lose  sight  of. 

Surely  this  is  good  sensé  and  good  science.  No  physiologist  who 
studies  the  waste  and  repair  of  living  bodies,  no  naturalist  who  knows 
living  things  in  their  homes,  no  embryologist  who  studies  the  effect  of 
changed  conditions  on  development,  should,  for  an  instant,  suppose 
that  a  living  being  is  self-sustaining.  The  line  we  draw  for  our 
convenience  between  it  and  its  environment  is  not  one  we  find  in 
nature,  for  what  was  at  one  instant  external  is  part  of  it  at  another, 
and  what  was  part  of  it  at  one  instant  is  external  at  another. 

We  watch  through  a  microscope  the  development  of  a  multitude 
of  the  eggs  of  some  aquatic  animal.  They  appear  to  pass  simul- 
taneously  through  the  same  séries  of  changes  as  if  they  were  moved 
by  a  common  impulse.  It  seems  hard  to  resist  the  notion  that  the  mo- 
tive force  and  directive  impulse  are  in  the  eggs,  that  their  develop- 
ment is  inhérent,  that  it  is  the  évolution  or  unfolding  of  that  which 
was  présent  before  it  was  unfolded,  and  that  ail  the  eggs  are  alike. 
Thus  we  reach  the  notion  that  we  should  understand  génération  if 
we  knew  al!  about  an  egg,  as  it  is  in  itself;  but  I  cannot  understand 
anything  in  this  way,  and  I  suspect  that  ail  men  are  like  me  in  this. 
If  the  progress  of  science  teaches  anything,  it  teaches,  with  ever- 
increasing  emphasis,  that  the  natural  world  is  so  organized  that  the 
only  way  for  us  to  understand  anything  is  through  the  study  of  its 
interrelations  with  other  things  ;  for  nothing  in  nature  stands  alone, 
nor  can  it  be  understood,  nor  be  at  ail,  except  in  its  interrelations. 
The  notion  that  eggs  are  things  in  themselves,  and  that  their  develop- 
ment is  inhérent,  is  not  science.  When  thèse  words  are  carefully 
scrutinized  they  do  not  seem  to  me  to  hâve  any  intelligible  meaning 
except  a  verbal  one,  although  this  is  no  reason  why  the  specialist 
should  not  consider  eggs  as  in  themselves  for  some  practical  purpose, 
even  if  the  words  are  as  symbolical  as  the  unextended  points  of  the 
celestial  mechanic. 

Hâve  we  any  more  reason  to  suppose  a  thousand  eggs  of  a  starfish 
or  any  two  of  them  are  alike  in  the  literal  sensé  of  the  word,  than  to 
suppose  a  thousand  men  are  alike  when  we  perceive  no  différence 
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between  them  ?  It  is  almost  beyond  our  observing  powers  fo  recog- 
nize  the  individuality  of  eggs  directly,  jet  récent  researches  in  pedi- 
gree sélection  are  bringing  it  to  our  notice.  I  am  not  able  to  imagine 
the  complexity  in  living  matter  which  permits  the  individuaHty  of 
each  germ-cell,  yet  each  organism  we  become  well  acquainted  with 
is  an  individual,  and  the  complexity  of  living  matter  is  great  enough 
to  hâve  furnished  its  own  sort  of  germ-cells  for  each  species  that  has 
existed  at  any  period  in  the  geological  history  of  life. 

The  graduai  disappearance  of  attempts  to  invent  evolutionary 
hypothèses  to  account  for  individual  development,  or  ontogeny,  and 
the  return  to  a  more  epigenetic  standpoint,  based  on  expérimental 
évidence  that  the  ontogenetic  development  of  eggs  can  be  under- 
stood  only  through  their  reciprocal  interactions  with  their  internai 
and  external  environment,  seem  to  me  to  be  a  notable  reformation. 
It  also  seems  to  me  that  this  reformation  is  only  begun  so  long  as  we 
attribute  the  species,  as  contrasted  with  the  individual,  to  the  inhérent 
potency  of  the  germ. 

No  theory  of  génération  can  be  satisfactory  unless  it  includes 
ancestral  history  as  well  as  individual  history,  for  phylogeny  is  a  séries 
of  ontogenies.  We  cannot  tolerate  a  dualistic  biology,  nor  believe 
the  species  is  in  the  egg,  if  its  ontogeny  is  epigenetic.  If  the  species 
is  innate  in  a  modem  egg,  it  must  hâve  been  innate  in  the  preceding 
egg,  and  so  on  back  to  the  beginning,  and  we  are  entangled  once 
more  in  the  chains  of  the  preformationist,  from  which  the  epigenetic 
view  of  ontogeny  professes  to  set  us  free. 

I  believe  we  hâve  a  simple  and  obvious  path  out  of  this  paradox 
in  the  fact  that  the  kinship  and  the  individuality  of  a  living  being 
are  inséparable;  that  heredity  and  variation  are  not  facts,  but  im- 
perfect  views  of  the  facts. 

I  am  a  firm  believer  in  the  possibility  of  tracing  the  wider  kinships 
of  living  things  through  their  embryology.  I  am  as  thoroughly  con- 
vinced  that  ontogeny  helps  us  to  study  ancestral  history  as  I  am 
convinced  that  paleontology  helps  us.  In  my  opinion,  there  is  a 
good  foundation  for  the  recapitulation  theory,  even  if  this  foundation 
be  too  weak  to  hold  up  ail  the  phylogenetic  trees  that  hâve  been 
planted  on  it. 

I  fail  to  see  how  this  conviction  shows  that  species  are  inhérent  in 
eggs,  nor  how  it  shows  that  knowledge  of  eggs,  were  it  complète 
enough,  would  make  clear  the  meaning  of  ontogeny. 

I  shall  illustrate  my  failure  to  see  this  by  an  example  drawn  from 
phylogeny. 

Ail  living  beings  are,  no  doubt,  descended  from  common  pre- 
cambrian  ancestors;  but  it  does  not  follow  that  they  were  innate  in 
thèse  ancestors,  nor  does  it  follow  that  complète  knowledge  of  thèse 
ancestors  would  hâve  enabled  one  to  predict  or  foresee  the  path  of 
history.     To  do  this  we  must  know,  with  equal  completeness,  the 
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environment  of  each  individual  living  thing  tliat  exists  or  has  existed, 
its  corapetitors  and  enemies,  its  food  and  the  environment  of  its  food, 
and  ail  the  changes  that  hâve  taken  place  in  the  environment  of  every 
living  being  during  the  geological  history  of  life;  and  ail  this  we  must 
know  as  completely  as  we  assume  that  we  know  the  ancestral  starting- 
point.  We  must  know  ail  this  about  the  failures,  and  about  the  forms 
of  life  that  might  hâve  been  but  were  not;  because  the  fitness  that 
survives  the  struggle  for  existence  is  not  abstract  fitness,  but  practical 
superiority  over  some  competitor  or  enemy  that  might  hâve  been  the 
survivor  under  other  circumstances.  If  any  one  thinks  that  ail  this 
was  latent  in  the  pre-cambrian  ancestor,  and  that  it  might  hâve  been 
predicted  through  the  study  of  this  ancestor,  I  shall  not  argue  with 
him.  I  do  not  believe  oraniscience  itself  could  hâve  foreseen  the 
course  of  organic  évolution  from  knowledge  of  the  ancestral  rhizopod, 
because  it  was  not  in  the  ancestral  rhizopod.  I  should  as  readily 
believe  that  the  changes  that  hâve  shaped  fancy  pigeons  according 
to  the  caprice  of  pigeon  fanciers  might  hâve  been  discovered  in  the 
germ-plasm  of  the  ancestral  rock  pigeon. 

Some  paleontologists  hâve  thought  that  the  history  of  the  earth 
might  be  reconstructed  through  the  study  of  fossils,  even  if  we  knew 
nothing  of  geography  and  geology  and  meteorology,  because  each 
species  is  so  exquisitely  fitted  for  its  place  in  nature;  but  this  is  no 
more  possible  than  the  reconstruction  of  phylogeny  through  the  study 
of  the  ancestral  rhizopod,  for  living  beings  are  not  the  best  for  their 
places  in  any  absolute  way.  They  are  only  better  than  others  under 
the  circumstances,  and  it  is  impossible  to  read  thèse  circumstances 
in  their  structure.    To  do  this  we  must  know  the  others  that  failed. 

If  I  venture  at  this  late  day  to  point  out  that  ancestral  develop- 
ment  is  as  epigenetic  from  beginning  to  end  as  individual  develop- 
ment,  and  that  the  species  for  which  we  are  seeking  is  not,  and  cannot 
be,  in  the  germ,  I  do  so  because  the  discovery  is  neither  new  nor 
original  with  me.  It  is  so  old  that  zoologists  who  are  supposed  to  be 
most  advanced  tell  us  it  is  antiquated,  abandoned,  no  longer  worthy 
the  attention  of  advanced  thinkers. 

This  view  is  that  the  species  is  not  in  chromatin,  nor  in  germ-cells, 
nor  in  differentiated  cells,  nor  in  gemmules,  nor  in  idioplasm,  nor  in 
biophores,  nor  in  allelomorphs,  nor  in  the  perigenesis  of  plastidules, 
nor  in  living  beings  at  any  stage  of  their  existence,  nor  in  the  conditions 
of  existence;  because  it  is  in  the  reciprocal  interaction  between  each 
living  being  and  the  natural  world  of  which  it  is  a  part.  We  speak  of 
the  struggle  for  existence,  and  we  find  this  formula  useful;  but  we 
must  not  forget  that  it  is  nothing  but  a  formula,  with  no  meaning 
except  the  one  in  the  dictionary.  I  know  my  life  has  been  a  struggle, 
and  I  hope  my  posterity  will  find  that  it  has  been  a  successful  one; 
but  my  struggle  has  not  been  yours,  for  it  is,  above  ail  things,  private 
and  particular.    Every  living  thing  must  fîght  the  battle  of  life  on  its 
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own  account,  and  its  battle  does  not  admit  of  generalization,  because 
it  is  individual,  with  nothing  gênerai  about  it. 

Would  not  attention  to  this  well-known  truth  hâve  saved  us  much 
aimless  criticism  of  natural  sélection  ?  The  déclaration  that  natural 
sélection  cannot  do  this  or  cannot  do  that  is  meaningless  if  sélection 
does  not  sélect,  and  if  fitness  is  not  in  the  organism  that  survives  but  in 
its  interaction  with  its  environment. 

Neither  the  stability  of  species  nor  the  mutability  of  species  is  in 
living  beings,  because  it  is  through  extermination  that  the  type  keeps 
true,  and  also  through  extermination  that  it  changes. 

It  is  as  great  a  blunder  to  locate  species  in  the  external  world  as  it 
is  to  locate  it  in  germ  cells  or  in  chromatin.  It  exists  neither  in  the 
environment  nor  in  the  organism,  because  it  is  in  the  reciprocal  in- 
teraction between  the  two.  The  biological  types  of  which  the  bio- 
metrician  tells  us  are  neither  external  standards  from  which  living 
beings  départ  by  variation,  nor  are  they  standards  fîxed  in  living 
beings  by  heredity.  Inheritance  and  variation  are  not  facts,  but 
narrow  views  of  facts;  for  the  différence  between  them  is  neither  in 
living  beings  nor  in  an  external  standard  of  extermination,  but  in 
the  reciprocal  interaction  between  each  particular  organism  and  its 
competitors  and  enemies  and  the  other  conditions  of  its  life. 

If  the  being  of  the  individual  organism  is  not  in  itself,  but  in  the 
reciprocal  interaction  between  it  and  its  internai  and  external  envi- 
ronment, and  if  the  being  of  species  is  not  in  germ-cells,  but  in  the 
reciprocal  interaction  between  each  particular  organism  and  its  en- 
vironment, is  not  the  being  of  the  canine  species  of  the  same  nature 
as  the  being  of  a  dog?  If  thèse  things  are  true,  is  it  not  time  to 
liave  done,  once  for  ail,  with  the  pre-Darwinian  metaphysical  notion 
of  species  as  something  that  résides  in  germ-cells  and  is  handed  down 
by  a  substance  of  heredity  ? 


PRIZE  ESSAYS 

Prize   Essay  ' 
RECHERCHES     SUR   L'HYBRIDATION  ^ 

L.  CUÉNOT 

Définition  des  termes.  —  J'entends  par  hybride,  à  l'exemple  des 
botanistes,  le  produit  de  l'union  de  deux  individus  porteurs  de  ca- 
ractères différents;  il  n'y  a  plus  lieu  en  effet  de  faire  une  distinction 
entre  métis  et  hybride,  hybridation  et  métissage  ;  on  sait  surabondam- 
ment qu'il  est  impossible  d'établir  une  limite  scientifique  entre  les 
races  et  les  espèces,  entre  les  métis  indéfiniment  féconds  résultant  du 
croisement  de  deux  races,  et  les  hybrides  inféconds  résultant  du  croise- 
ment de  deux  espèces;  aussi  le  mieux  est-il  de  supprimer  en  lan- 
gage scientifique  le  mot  métis  et  d'employer  le  mot  hybride  dans  le 
sens  que  lui  ont  toujours  attribué  les  botanistes. 

L'opposé  de  l'hybride  est  le  pur-sang.  Il  est  bien  entendu  que  ces 
deux  termes  n'ont  qu'une  valeur  relative  à  un  caractère  donné;  dans 
la  pratique,  on  spécifie  toujours  —  ou  on  sous-entend  —  qu'un  indi- 
vidu est  hybride  ou  pur-sang  pour  tel  ou  tel  caractère  :  ainsi  le  fils 
d'une  Italienne  brune  et  d'un  Français  blond  est  un  hybride  par  rap- 
port au  caractère  couleur  des  cheveux,  mais  il  est  pur-sang  si  l'on 
considère  la  race  blanche,  à  laquelle  appartiennent  les  deux  parents. 
Bateson  a  récemment  proposé  des  synonymes,  du  reste  excellents, 
aux  termes  hybride  et  pur-sang:  V hétérozygote  (=  hybride)  est  un 
individu  formé  par  l'union  de  deux  gamètes  porteurs  chacun  d'un 
caractère  différent  :  ex.  :  une  Souris  grise,  qui  doit  son  existence  à 
l'union  d'un  gamète  ayant  en  puissance  la  coloration  grise,  avec  un 
autre  gamète  ayant  en  puissance  l'albinisme.  U homozygote  (pur-sang) 
est  formé  par  l'union  de  deux  gamètes  porteurs  du  même  caractère: 
ex.  :  une  Souris  grise  qui  doit  son  existence  à  l'union  de  deux  gamètes 
ayant  en  puissance  la  coloration  grise. 

Expe'rience  fondamentale.  —  Croisement  entre  la  Souris  grise 
sauvage  des  maisons,  et  la  Souris  albinos  à  yeux  rouges.  —  Le  ca- 

'  Vide  ante,  Blanchard,  Rapport  sur  le  concours  pour  le  prix  de  S.  M.  l'Em- 
pereur Nicolas  II. 

^  Matériel  :  Souris  domestique  (Mus  musculus  L.)  et  ses  diverses  races.  Tra- 
vail poursuivi  avec  l'aide  d'une  subvention  de  "  l'Elizabeth  Thomson  Science 
Fund." 
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ractère  différentiel  apparent  est  la  présence  d'une  pigmentation  géné- 
rale chez  les  premières,  l'absence  de  cette  même  pigmentation  chez 
les  secondes;  je  me  propose  de  rechercher  les  règles  d'hérédité  de 
ces  deux  caractères  symétriques  (antagonistes  de  De  Vries,  allélo- 
morphes  de  Bateson). 

Le  croisement  entre  ces  deux  formes  fournit  constamment  des 
petits  absolument  identiques  au  parent  gris  à  yeux  noirs;   il  n'y  a 

pas  mélange  entre  les  deux 
.-^""""^N  caractères  symétriques,  pas 

de  forme  mixte;  c'est  le 
parent  gris,  exclusivement, 
qui  reparaît  dans  la  de- 
scendance; on  dit  alors 
qu'il  y  a  dominance  du 
caractère  gris  ;  le  caractère 
blanc,  qui  ne  s'exprime 
pas,  qui  est  caché  par 
l'autre,  est  dit  domine  ou 
latent. 

Mais  continuons  l'ex- 
périence ;  croisons  entre 
eux  les  hybrides  gris  à 
caractère  dominant  ;  il  ap- 
paraît cette  fois  dans  la 
progéniture,  encore  des 
grises,  mais  aussi  des  Sou- 
ris blanches  à  yeux  rouges, 
ces  dernières  en  moindre 
nombre  que  les  premières. 
Si  l'on  a  fait  un  nombre  considérable  de  croisements,  de  façon  à 
avoir  plusieurs  centaines  de  petits,  on  constate  qu'il  y  a  une  relation 
numérique  fixe  entre  les  deux  sortes,  relation  qui  est  de  trois  grises 
pour  une  blanche. 

Il  s'agit  maintenant  d'interpréter  l'expérience  :  les  petits  de  la 
première  génération,  ceux  qui  étaient  tous  gris,  étaient  des  hétérozy- 
gotes formés  par  la  fusion  d'un  gamète  renfermant  en  puissance  le 
caractère  gris,  avec  un  autre  gamète  renfermant  en  puissance  le  ca- 
ractère blanc;  ces  deux  potentialités  passent  dans  toutes  les  cellules 
du  corps,  y  compris  celles  de  l'ovaire  et  du  testicule.  Au  moment  de 
la  formation  des  œufs  et  des  spermatozoïdes,  pour  une  raison  inconnue, 
les  deux  potentialités  ne  peuvent  plus  cohabiter  dans  la  même  cellule; 
elles  se  séparent  l'une  de  l'autre;  il  y  a,  comme  on  dit,  disjonction 
des  caractères.  La  moitié  des  gamètes  reçoit  le  caractère  gris  (C), 
l'autre  moitié  le  caractère  blanc  (A).  Lorsqu'on  croisera  les  hybrides 
entre  eux,  il  pourra,  par  suite,  se  produire  quatre  combinaisons  de 
gamètes,  qui  donneront  les  résultats  suivants: 
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[Gris    X  Gris  (CC)       =  Gris  de  race  pure. 

3  -  Gris     X  Blanc  (^'-l)l_  Gris  hybrides,  semblables  aux  hybrides 

[Blanc  X  Gris  (AG)   j  ~  de  P^  génération. 

1  I  Blanc  X  Blanc  (A A)   =  Blanc  de  race  pure. 

On  peut  exprimer  ce   résultat  d'une   façon   plus  brève,  en  di- 
sant que: 

CAX  CA  =  1  CC+  2CA  +  1  AA 
3  Gris  1  Blanc 


Ce  qui  correspond  aux  résultats 

D'autre  part,  on  peut 
vérifier  une  à  une  les 
Souris  produites  et  l'on 
voit  que  tout  est  bien 
conforme  à  la  prévision 
théorique.  Le  tableau  ci- 
joint  montre  l'une  de  ces 
vérifications  :  en  croisant 
une  Souris  grise  hybride, 
renfermant  le  blanc  à 
l'état  dominé,  par  une 
Souris  blanche,  on  obtient, 
cette  fois,  autant  de  blan- 
ches que  de  grises.  En  ef- 
fet, la  première  produit, 
par  suite  de  la  disjonction 
des  caractères,  autant  de 
gamètes  à  caractère  gris 
que  de  gamètes  à  ca- 
ractère blanc;  la  Souris 
blanche  ne  possède  natu- 
rellement que  des  gamètes 
à  caractère  blanc.  Il  n'y 
a  donc  que  deux  combi- 
naisons possibles: 


de  l'expérience. 


o 

CA 


•)         O 

CA  AA 

FiG.  2 


O 

AA 


Gris    X  Blanc  =  Gris  hybride  (CA) 
Blanc  X  Blanc  =  Blanc  pur  (AA) 


Donc:  CA  x  A  =  l  CA  +  l  AA 


Notion  du  déterminant.  —  Comment  pouvons-nous  conce- 
voir la  présence  dans  l'œuf  ou  le  spermatozoïde  de  ce  que  nous 
avons  appelé  plus  haut  une  potentialité?  On  peut  la  concevoir 
comme  due  à  la  présence,  probablement  dans  le  noyau,  d'une  sub- 
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stance  chimique  spéciale,  qui  ne  diffère  pas  sensiblement  de  ce  que 
Delage  a  appelé  substances  spécifiques  de  l'œuf  et  Le  Dantec  sub- 
stances plastiques.  Cette  substance,  que  nous  désignons  par  une 
lettre  faute  de  mieux,  est  le  déterminant  du  caractère  gris  quand  elle 
a  la  composition  C,  du  caractère  albinisme  quand  elle  a  une  autre 
composition  A.  Quand  ces  deux  déterminants  sont  rassemblés,  il 
n'y  en  a  qu'un,  le  dominant,  qui  manifeste  sa  présence;  l'autre  n'est 
pas  exprimé. 

Définition  d'un  2^^  déterminant.  —  Quand  on  refait  l'expéri- 
ence fondamentale  en  utilisant  beaucoup  d'albinos,  provenant  de 
marchands  différents,  il  y  a  toujours  quelques  hybrides  dans  la  pro- 
géniture desquels  apparaissent  des  formes  nouvelles.  Souris  noires, 
jaunes,  grises  à  ventre  blanc,  qui  sont  bien  nettement  différentes  des 
Souris  grises  banales. 

Lorsqu'on  isole  ces  Souris  noires,  par  exemple,  et  qu'on  les  croise 
entre  elles,  on  obtient  couramment  des  albinos  qui  ne  se  peuvent  dis- 
tinguer en  rien  des  albinos  de  l'expérience  fondamentale.  De  même 
pour  les  Souris  jaunes,  ou  les  grises  à  ventre  blanc.  Et  cependant  on 
obtient  avec  ces  divers  albinos,  tous  identiques  entre  eux,  je  le  répète, 
des  résultats  différents: 

Voici  l'expérience  : 

Des  Souris  noires  (pelage  d'un  noir  de  velours,  yeux  noirs)  sont 
réparties  en  quatre  lots: 

Le  \^^  est  croisé  par  des  albinos  à  parenté  grise. 

Le  2™^  est  croisé  par  des  albinos  à  parents  gris  à  ventre  blanc. 

Le  3""^  est  croisé  par  des  albinos  à  parents  noirs. 

Le  4°^®  est  croisé  par  des  albinos  à  parents  jaunes. 

On  peut  faire  l'expérience  d'une  façon  différente,  en  donnant  a 
un  même  mâle  noir,  successivement,  quatre  femelles  albinos,  ap- 
partenant aux  quatre  catégories  précitées. 

On  obtient: 

Dans  le  1"  lot,  toujours  des  Souris  grises. 
Dans  le  2"^®  lot,  toujours  des  Souris  grises  à  ventre  blanc. 
Dans  le  3™^  lot,  toujours  des  Souris  noires. 

Dans  le  4""^  lot,  un  mélange  de  Souris  jaunes  et  grises,  ou  bien  de 
Souris  jaunes  et  noires. 

Il  y  a  donc  des  albinos  de  valeur  différente,  qui  ont  conservé 
quelque  chose  de  la  couleur  de  leurs  ancêtres,  à  l'état  complète- 
ment dissimulé. 

Toutes  les  expériences  s'expliquent  facilement  si  l'on  admet  que 
les  gamètes  renferment  deux  déterminants,  l'un  C,  avec  un  symétrique 
A,  mis  en  lumière  par  l'expérience  fondamentale,  et  un  autre  qui 
s'appellera  : 
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G  dans  le  cas  des  albinos  issus  de  parents  gris. 

G'  dans  le  cas  des  albinos  issus  de  parents  gris  à  ventre  blanc. 

N  dans  le  cas  des  albinos  issus  de  parents  noirs. 

J  dans  le  cas  des  albinos  issus  de  parents  jaunes. 

Nous  avons  donc  deux  catégories  de  Souris,  les  unes  à  yeux  noirs, 
les  autres  à  yeux  rouges: 


CG 

CG' 
Grise  à 

CN 

CJ 

Grise 

ventre 
blanc 

Noire 

Jaune 

AG 

A  G 

AN 

AJ 

V 

j 

Y 

Toutes 

albinos 

Quant  à  la  dominance  de  ces  déterminants,  elle  s'établit  dans 
l'ordre  suivant  :  J ,  puis  G' ,  puis  G,  et  enfin  N. 

Nous  pouvons  maintenant  expliquer  dans  le  plus  petit  détail  tous 
les  résultats  des  croisements  entre  grises,  noires,  jaunes  et  albinos. 
Voici  à  titre  d'exemple,  l'explication  détaillée  de  l'apparition  subite 
des  Souris  noires: 


Le  croisement  des  dihy brides  CGAN  donne: 
9    gris    3    noirs    4  albinos. 

12  pigmentes. 

Définition  d'un  2^^  déterminant.  —  Les  Anglais  élèvent  souvent 
une  jolie  race  de  Souris  (chocolaté,  brown,  plum)  reconnaissable  à 
son  pelage  d'un  beau  brun  velouté,  un  peu  plus  clair  sous  le  ventre; 
les  yeux  sont  noirs,  la  queue  a  une  teinte  mixte  entre  le  rose  et  le 
brun. 

J'ai  d'abord  croisé  les  Souris  brunes  entre  elles,  puis  avec  les 
différentes  races  pures  que  je  possède,  grise  (CG),  grise  à  ventre  blanc 
(CG'),  noire  (CN),  jaune  (CJ).  Les  brunes,  croisées  entre  elles, 
donnent  toujours  et  uniquement  des  brunes;  ce  résultat  permet  de 
prévoir  que  le  brun  est  une  race  dominée  par  toutes  les  autres,  et 
qu'une  Souris  brune  quelconque  est  forcément  de  race  pure.  En 
effet,  quand  on  croise  une  Souris  brune  par  une  autre,  les  hybrides 
ne  sont  jamais  bruns  : 

1°.  Brun  X  Gris  =  Gris. 

2°.   Brun  X  Gris  =  àventre  blanc  =  Gris  à  ventre  blanc. 

3°.  Brun  X  Noir  =  Noir. 

4°.  Brun  X  Jaune  =  Jaune  +  Gris  ou  Noir. 
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Étudions  en  particulier  les  hybrides  du  croisement  no.  1.  Si  ce 
sont  des  monohybrides,  en  les  croisant  entre  eux,  on  obtiendra  : 

Hybride  Gris-Brun  X  Hybride  Gris-Brun  =  3  Gris  +  1  Brun. 

Or,  ce  n'est  pas  du  tout  ce  qui  se  passe  ;  le  résultat  réel  est  beau- 
coup plus  compliqué.  Les  produits  du  croisement  appartiennent  à 
quatre  types  différents: 


AGAN 


>CGAN 


*^     ANAN 


1°  et  2°.  Des  gris  et  des  bruns,  semblables 
aux  grands-parents  ;  résultat  qui  était  prévu. 

3°.  Des  noirs  typiques,  ce  qui  est  tout  à  fait 
inattendu. 

4°.  Une  forme  nouvelle,  qui  correspond  à 
ce  que  les  éleveurs  anglais  appellent  cinnamon- 
agovti  {golden-agouti  d'Allen)  ;  le  pelage  est  mixte 
entre  le  gris  et  le  brun  ;  la  teinte,  brun  jaunâtre 
ou  gris  doré,  se  distingue  avec  la  plus  grande 
facilité  de  celle  des  grands-parents. 


Interprétai  ion.  —  On  a  vu  que  le  croisement 
précédent  donne  entre  autres  des  Souris  noires, 
FiG.  3  qui    n'existent    absolument    pas   dans   la   lignée 

ancestrale  des  parents  gris  et  bruns.  L'appari- 
tion du  noir  est  due  forcément  à  un  apport  des  déterminants  particu- 
liers de  cette  race  (CN),  apport  dont  la  souche  brune  est  forcément 
responsable.  Les  Souris  brunes,  comme  les  noires,  renferment  donc 
le  groupement  CN,  mais  puisque  ces  deux  races  sont  différentes,  il 
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faut  qu'il  y  ait  entre  elles  au  moins  un  déterminant  différentiel, 
inconnu  jusqu'ici.  J'appellerai  F  (de  foncé)  le  déterminant  en 
question  tel  qu'il  existe  chez  les  Souris  noires,  et  D   (de  dilué)  sa 


CNOCND 


^>r-VÂ 


^ 


yCGFCND 


mutation  chez  les  Souris  brunes.  D  est  domina 
par  F,  ainsi  qu'il  ressort  des  croisements  entre 
noirs  et  bruns. 

Si  nous  attribuons  aussi  aux  Souris  grises  et 
jaunes  ce  déterminant  nouveau  F,  tout  s'ex- 
plique très  facilement.  Le  croisement  originel 
donne  naissance  à  des  dihy brides,  les  grises 
ayant  la  formule  CGF,  et  les  brunes  ayant  la 
formule  CND.  On  trouvera  ci-contre  le  ta- 
bleau de  prévision  du  croisement  basé  sur  les 
hypothèses  précédentes. 

La  combinaison  nouvelle  CGD  qui  appa- 
raît dans  le  tableau  est  évidemment  celle  des 
bruns  dorés  (golden-agouti),  qui  diffèrent  à 
la  fois  des  dihybrides  gris  et  de  leurs  parents 
gris  et  bruns. 

Parents  de  race  pure. 

Dihybrides  dont  les  gamètes  ont  les  formules  CGF,  CND,  CGD, 
CNF. 


r-\,L 


^ 


FiG.  4 
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Le  croisement  des  dihybrides  CGFCND  donne: 
9  gris,  3  noirs,  3  golden-agouti  et  1  brun. 

Définition  d'un  4™e  déterminant.  Paradoxe  de  Darbishire. — 
Les  éleveurs  de  Souris,  en  Angleterre,  possèdent  une  race,  très  délicate 
à  élever,  qui  a  un  pelage  fauve  assez  terne,  et  en  même  temps  des 
yeux  rouges  comme  les  albinos.  Or  si  l'on  croise,  comme  l'a  fait  le 
premier  Darbishire,  cette  Souris  fauve  à  yeux  rouges  par  un  albinos 
commun,  également  à  yeux  rouges,  on  obtient  uniquement,  con- 
stamment, des  Souris  à  yeux  noirs,  généralement  de  pelage  gris. 
C'est  un  résultat  vraiment  paradoxal,  puisque  les  Souris  fauves  et  les 
albinos  ont  une  lignée  ancestrale  à  yeux  rouges  aussi  longue  qu'on 
voudra  le  supposer,  et  cependant  les  produits  immédiats  du  croise- 
ment ont  les  yeux  parfaitement  noirs. 

Ces  hybrides  croisés  entre  eux  ont  une  progéniture  compliquée, 
dans  laquelle  réapparaissent  les  yeux  rouges,  les  yeux  noirs  et  des 
combinaisons  nouvelles;  j'ai  mis  plusieurs  années  à  éclaircir  le  pro- 
blème, qui  est  cependant  très  simple.  La  Souris  fauve  à  yeux  rouges 
renferme  un  déterminant  nouveau  E  (de  erythron,  rouge),  de  sorte 
que  sa  formule  devient,  avec  les  déterminants  antérieurement  connus, 
CGEF  ;  ce  déterminant  permet  le  développement  de  la  couleur  (mo- 
difiée fortement)  dans  le  pelage,  mais  l'arrête  dans  les  yeux  ;  l'antago- 
niste de  E  est  le  déterminant  M  (de  mêlas,  noir),  qui  existe  chez 
toutes  les  Souris  à  yeux  noirs,  et  les  albinos  issus  de  Souris  à  yeux 
noirs;  ce  déterminant  permet  le  développement  du  pigment,  quand 
il  est  accompagné  par  C. 

Le  paradoxe  de  Darbishire  devient  très  facile  à  expliquer:  l'hy- 
bride entre  fauve  à  yeux  rouges  et  albinos  est  un  dihybride  : 

C         M 
CGEF  X  AGMF  =  -~G -^  F 
A         E 

(J'ai  placé  en  dénominateur  les  déterminants  dominés.) 
Ce  dihybride  a  le  pelage  gris  et  les  yeux  noirs,  puisqu'il  renferme 
le  groupement  dominant  CGMF,  les  deux  déterminants  qui  sont 
l'origine  des  yeux  rouges,  E  dans  un  cas,  A  dans  l'autre,  étant  dominés. 
Une  fois  cette  interprétation  certaine,  j'ai  substitué  le  détermi- 
nant E  chez  les  Souris  noires  et  jaunes,  et  obtenu  deux  formes 
nouvelles  : 

CNEF  =  Souris  à  yeux  rouges;  pelage  d'un  joli  gris  perle. 
CJEF   =  Souris  à  yeux  rouges;  pelage  jaune  franc. 

Vérification  de  l'existence  des  déterminants.  —  Peut-être  cette 
interprétation  des  résultats  d'hybridation  au  moyen  des  déterminants 
paraitra-t-elle  une  jonglerie  de  lettres  sans  base  solide;  cependant 
tout  s'accorde  si  précisément  avec  les  faits,  qu'il  faut  bien  que  la 
théorie  réponde    à  la  réalité.     J'ai   annoncé    d'avance    (5me    note, 
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p.  ix)  le  résultat  du  croisement  entre  deux  formes  dont  je  possédais  à 
ce  moment  là  très  peu  d'individus  :  la  Souris  gris  perle  à  yeux  rouges 
à  laquelle  j'attribue  la  formule  CNEF,  et  la  Souris  brune  à  yeux 
noirs,  à  laquelle  j'ai  attribué  la  formule  CNMD.  Avec  la  certitude 
d'une  réaction  chimique,  le  croisement  doit  donner  uniquement  des 
Souris  noires  à  yeux  noirs. 

CNEF  X  CNMD  =  CN  ^  ~ 

£j      IJ 

M  et  F  étant  dominants  sur  leurs  antagonistes  E  et  D, 

Depuis,  j'ai  fait  bien  des  fois  l'expérience,  et  elle  a  donné  le  ré- 
sultat attendu.  Il  y  a  donc  dans  le  plasma  germinatif  des  détermi- 
nants ou  substances  chimiques  différentes,  qui  se  disjoignent  régu- 
lièrement dans  les  gamètes,  conformément  aux  règles  des  probabilités, 
et  qui  sont  susceptibles  de  variation  indépendante. 

Définition  d'un  5"^^  déterminant-  —  Au  cours  de  mes  élevages,  il 
est  apparu,  dans  les  diverses  variétés  colorées  que  j'étudiais,  des  in- 
dividus panachés,  présentant  des  taches  ou  zones  blanches,  tranchant 
sur  le  pelage  pigmenté.  Je  puis  dire  tout  de  suite  que  la  panachure 
est  une  mutation  spéciale,  superposée  aux  mutations  de  couleur  et 
complètement  indépendante  de  celles-ci  au  point  de  vue  héréditaire; 
on  peut  transférer  la  panachure  à  n'importe  quelle  race,  et  on  peut 
la  transmettre  par  l'intermédiaire  d'albinos,  qui  possèdent  la  pana- 
chure en  puissance,  mais  non  exprimée,  puisque  la  robe  entière  est 
blanche. 

La  panachure  est  un  caractère  très  intéressant  au  point  de  vue  de 
la  Variation,  car  par  une  sélection  convenable  on  peut  lui  faire  suivre 
une  progression  assez  régulière  :  la  panachure  débute  toujours  par  la 
queue,  les  doigts  et  la  face  ventrale,  plus  rarement  par  une  petite 
tache  blanche  sur  le  sommet  de  la  tête  ;  c'est  sous  cette  forme  que  l'on 
rencontre,  assez  fréquemment,  la  panachure  chez  les  Souris  grises 
sauvages,  comme  je  l'ai  constaté  après  Haacke. 

La  panachure  caudale  et  la  tache  ventrale  grandissent  ensuite; 
cette  dernière  envahit  les  membres  et  croît  sur  les  flancs  jusqu'à  gagner 
en  ceinture  la  face  dorsale;  le  blanc  envahit  le  museau,  puis  la  tête. 
Finalement,  il  reste  deux  régions  pigmentées,  toutes  deux  dorsales, 
une  antérieure  et  une  postérieure.  Les  yeux  restent  noirs.  La 
panachure,  si  étendue  qu'elle  soit,  ne  va  jamais  jusqu'à  la  disparition 
totale  de  la  couleur;  il  y  a  une  limite  infranchissable. 

Je  désigne  les  différents  degrés  de  panachure  par  les  lettres  p\  p^ 

p^,   p* P.     L'antagoniste  est   le  caractère   robe  uniforme, 

désigné  par  la  lettre  U. 

Le  déterminant  U  est  dominant  sur  tous  les  déterminants  p\  p^ 

P;   de  même  le  minimum  de  panachure  est  dominant  sur 

le  suivant  ;  p*  domine  p^  p^ P.    Ces  rapports  de  dominance 

expliquent    un  résultat   d'apparence  paradoxale:    si  on  croise  une 
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Souris  extrêmement  panachée  par  un  albinos  descendant  d'animaux 
à  robe  uniforme  (c'est  à  dire  renfermant  le  déterminant  U),  on  serait 
tenté  de  croire  que  le  blanc  va  augmenter  dans  la  progéniture;  c'est 
le  contraire  qui  arrive,  les  hybrides  sont  tous  uniformément  pigmentés. 

Définition  d'un  6™^  déterminant.  —  Tout  le  monde  connaît  les 
Souris  valseuses,  qui  sont  souvent  élevées  par  les  Japonais.  Ce 
caractère  est  une  mutation  spéciale,  comme  la  panachure,  absolu- 
ment indépendante  de  toutes  les  mutations  de  couleur;  on  peut  trans- 
férer la  valse  à  n'importe  quelle  race,  albinos  ou  colorée,  panachée  ou 
uniforme.  Je  désigne  par  W  le  déterminant  responsable  de  ce  carac- 
tère, et  par  R  son  antagoniste,  caractère  de  la  marche  normale.  R  est 
dominant  sur  W,  comme  l'ont  montré  les  expériences  anciennes  de 
von  Guaita. 

Formule  héréditaire. — La  formule  héréditaire  d'une  race  don- 
née est  la  liste  des  déterminants  renfermés  dans  le  plasma  germi- 
natif  de  la  race  ;  ainsi  pour  la  Souris  grise  sauvage,  cette  formule  est 
CGMFUR,  .  .  .,  et  il  est  probable  qu'il  y  a  d'autres  déterminants 
encore  inconnus. 

Voici  la  liste  des  déterminants  connus  et  de  leurs  mutations  chez 
les  Souris  : 


J 

F 

M 

U 

G' 

D 

E 

P' 

G 

P^ 

N 

P 

R 
W 


Une  mutation  donnée,  dans  ce  tableau,  domine  celles  qui  sont  placées 
en  dessous  d'elle.  Ce  tableau,  qui  résume  le  travail  de  plusieurs  an- 
nées, permet  de  calculer  et  de  prévoir  les  résultats  de  tous  les  croise- 
ments possibles.  Un  calcul  très  simple  montre  qu'il  peut  exister  chez 
les  Souris  128  formules  héréditaires  différentes,  correspondant  à 
autant  de  races  pures  homozygotes. 

Conclusions  générales 


1.  Nous  avons  vu  qu'un  caractère  descriptif  simple,  tel  que  la 
couleur  d'un  pelage,  pouvait  être  représenté  dans  le  plasma  germi- 
natif  par  plusieurs  déterminants  ;  c'est  pour  cette  raison  que  l'étude 
vraiment  scientifique  de  l'hérédité  est  non  pas  celle  de  l'hérédité  des 
caractères  descriptifs,  mais  bien  de  leurs  unités  ou  déterminants,  ce 
qui  est  tout  différent  et  beaucoup  plus  compliqué.  Les  expéri- 
ences d'hybridation  ne  donnent  des  résultats  parfaitement  clairs  que 
lorsqu'on  est  arrivé,  par  une  analyse  détaillée,  à  définir  les  caractères 
unités  mis  en  jeu.  Chez  les  Souris,  la  loi  de  l'hérédité  des  déterminants 
est  toujours,  sans  exception,  la  règle  de  Mendel  (dominance  d'un 
déterminant,  disjonction  régulière  dans  les  gamètes). 
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2.  Les  déterminants  n'ont  pas  une  action  restreinte  à  un  ca- 
ractère descriptif  particulier;  ils  agissent  d'une  façon  générale  sur 
l'organisme;  il  n'est  pas  douteux  que  le  déterminant  IV,  et  à  un 
moindre  degré  le  déterminant  E,  quels  que  soient  ceux  qui  l'accom- 
pagnent, sont  corrélatifs  avec  une  mauvaise  santé  générale,  à  un  tel 
point  qu'on  élève  à  grand  peine  les  Souris  valseuses  jusqu'à  l'état 
adulte,  de  même  que  les  Souris  fauves  à  yeux  rouges  ;  ce  sont  toujours 
ces  races  qui  meurent  le  plus  facilement,  ce  qui  produit  souvent  des 
erreurs  apparentes  dans  les  proportions  numériques  prévues  théo- 
riquement. Il  y  a  même  des  déterminants  dont  l'existence  est  incom- 
patible avec  la  vie  de  l'animal,  s'ils  ne  sont  pas  corrigés  par  leurs 
symétriques  :  ainsi  il  ne  peut  exister  de  Souris  jaunes  pures  en  J, 
évidemment  parce  que  le  déterminant  J  ne  permet  pas  le  fonctionne- 
ment normal  ;  mais  si  J  (dominant)  est  accompagné  de  son  symétrique 
G,  G',  ou  N,  l'hétérozygote  vit  parfaitement. 

3.  Les  expériences  d'hybridation  ont  permis  de  comprendre  et 
d'expliquer  l'atavisme;  on  appelle  atavistes  des  formes  qui  appa- 
raissent d'une  façon  imprévue  dans  les  élevages,  et  qui  rappellent  en 
tout  ou  en  partie  un  ancêtre  disparu  depuis  de  nombreuses  généra- 
tions (exemple  classique  du  Pigeon  Bizet  cité  par  Darwin).  J'ai 
décrit  plus  haut  un  croisement  qui  fournit  à  coup  sûr  des  atavistes; 
c'est  le  croisement  entre  une  Souris  fauve  à  yeux  rouges  (CGE)  et  un 
albinos  {AGM);  ces  deux  formes,  parfaitement  constantes  l'une  et 
l'autre,  ont  eu  chacune  des  parents  identiques  à  elles-mêmes  depuis 
autant  de  générations  qu'on  voudra  le  supposer,  et  cependant  les 
produits  de  leur  union  sont  tous  identiques  à  la  Souris  grise  sauvage, 
qui  est  sans  aucun  doute  l'ancêtre  commun  des  formes  à  yeux  rouges. 
Pour  expliquer  cette  réapparition  de  l'ancêtre,  Darwin  et  Weismann, 
pour  ne  citer  qu'eux,  ont  lourdement  compliqué  leurs  théories  de 
l'hérédité;  il  a  fallu  admettre  qu'une  parcelle  du  plasma  germinatif 
de  l'ancêtre  s'était  conservée  latente,  pendant  des  années,  voire  même 
des  siècles,  jusqu'au  jour  où,  par  suite  de  circonstances  favorables, 
cette  parcelle  arrive  à  prédominer  dans  un  gamète  pour  reproduire 
la  forme  ancestrale.  Les  choses  sont  beaucoup  plus  simples  que  cela; 
il  n'y  a  pas  de  parcelle  ancestrale  latente  ;  il  n'y  a  rien  qui  représente 
le  ou  les  ancêtres  dans  un  plasma  germinatif,  pas  plus  qu'il  n'y  a 
dans  de  l'acide  carbonique  et  de  la  chaux  un  représentant  du  calcaire 
dont  on  a  pu  les  extraire  autrefois.  Si  l'ancêtre  réapparaît  dans 
certaines  circonstances  que  l'on  peut  provoquer  à  volonté,  c'est  parce 
que  l'union  de  deux  plasmas  germinatifs  différents  a  formé  une  com- 
binaison qui  est  précisément  identique  au  plasma  germinatif  de 
l'ancêtre,  de  même  qu'en  combinant  de  l'acide  carbonique  et  de  la 
chaux,  on  arrive  à  reformer  du  calcaire. 

4.  Le  maniement  des  déterminants  permet  de  concevoir  l'exis- 
tence de  combinaisons  nouvelles  et  donne  un  moyen  de  les  obtenir. 
Ainsi,  parmi  toutes  les  races  de  Souris  que  j'ai  eues  entre  les  mains 


110      VII.  INTERNATIONAL  ZOOLOGICAL  CONGRESS 

(qui  sont  à  peu  près  toutes  les  races  connues  des  éleveurs),  il  n'en 
est  aucune  qui  ait  les  formules  suivantes: 

CGED  CNED  CJED 

Mes  expériences  en  cours  sont  dirigées  de  façon  à  obtenir  ces 
combinaisons  inconnues.  Je  n'en  ai  encore  isolé  qu'une:  c'est  la 
forme  CNED;  elle  a  les  yeux  rouges,  naturellement,  puisque  le 
déterminant  E  est  présent;  le  pelage  est  café  au  lait,  mixte  pour 
ainsi  dire  entre  la  forme  CNEF  (gris  perle),  et  la  forme  CNMD 
(brune). 

5.  Les  résultats  auxquels  je  suis  arrivé  au  sujet  des  déterminants 
nous  montrent  comment  s'opère  la  variation;  tantôt  elle  consiste  en 
des  changements  brusques  et  discontinus  de  certains  déterminants 
(mutations  de  De  Vries),  tantôt  en  changements  très  faibles  et  gradués, 
ce  qui  leur  donne  une  apparence  continue;  à  la  première  catégorie 
appartiennent  par  exemple  la  mutation  de  C  en  /l,  la  mutation  de 
G  en  G',  N,  J,  la  mutation  de  R  en  W,  etc.  ;  à  la  seconde  catégorie, 

les  modifications  de  panachure,  p\  p^,  p^ Il  ne  semble  pas  qu'il 

y  ait  une  différence  essentielle  entre  la  variation  discontinue  et  celle 
que  paraît  continue;  c'est  toujours  la  même  règle  d'hérédité  mendé- 
lienne  qui  régit  les  croisements  de  déterminants,  quelle  que  soit  la 
valeur  de  la  différence  qui  existe  entre  eux. 


PUBLICATIONS  SUR  L'HEREDITE 

1.  La  loi  de  Mendel  et  l'hérédité  de  la  pigmentation  chez  les  Sopris  (Comptes  rend. 

Acad.  Sci.  Paris,  134,  p.  779,   1902).      Comptes  rend.  Soc.   Biologie,  54, 
p.  395-397,  1902. 

2.  Sur  quelques  applications  de  la  loi  de  Mendel  (même  numéro  des  Comptes 

rend.  Soc.  Biologie,  54,  p.  397-398).    Même  travail:  Arch.  Zool.  exp.  [3], 
10,  Notes  et  Revue,  p.  xxvii. 

3.  L'hérédité  de  la  pigmentation  chez  les  Souris  (2me  note),  Arch.  Zool.  exp.  [4], 

1,  1903,  Notes  et  Revue,  no.  3,  p.  xxxiii. 

4.  L'hérédité  de  la  pigmentation  chez  les  Souris  (3me  note),  Arch.  Zool.  exp. 

[4],  2,  1904,  Notes  et  Revue,  p.  xlv. 

5.  Un  paradoxe  héréditaire  chez   les   Souris  (Réunion  Biologique   de  Nancy, 

Comptes  rend.  Soc.  Biol,  p.  1050-1052,  1904). 

6.  Les  races  pures  et  leurs  combinaisons  chez  les  Souris  (4me  note),  Arch.  Zool. 

exp.  [4],  3,  Notes  et  Revue,  p.  cxxiii,  1905. 

7.  Hérédité  et  mutation  chea  les  Souris,  Association  française  pour  l'avancement 

des  Sciences,  Congrès  de  Cherbourg  en  1905,  paru  en  1906,  p.  593-597. 

8.  Rapport  sur  l'Hérédité,  Assoc.  franc,  pour  l'avanc.  des  Sciences,  Congrès  de 

Lyon,  1906. 

9.  L'hérédité  de  la  pigmentation  chez  les  Souris  (5me  note),  Arch.  Zool.  exp.  [4], 

6,  Notes  et  Revue,  p.  i-xiii,  1907. 
10.  Sur  quelques  anomalies  apparentes  des  proportions  mendéliennes  (6me  note). 
Arch.  Zool.  exp.  [4],  9,  Notes  et  Revue,  p.  7-15,  1908. 


Prize  Essay* 

HYBRIDATIONS-EXPERIMENTE,  IM  WEITESTEN  SINNE 
DES  WORTES,  VOM  JAHRE  1873  BIS  ZUR  GEGENWART 
IN  IHREN  AUSBLICKEN  AUF  DIE  SCHEIDUNG  DER 
ARTEN  UND  DEN  WEG,  WELCHEN  DIESE  SCHEIDUNG 
DURCHLÀUFT 

M.  STANDFUSS 

Die  Welt  der  Organismen,  die  Pflanzen-  wie  die  Tierwelt,  zer- 
fâllt  in  letzter  Linie  in  scharf  umschriebene  Individuengruppen  als 
Einheiten,  welche  seit  Linné  den  Namen  "Species,"  "Arten,"  fuhren. 
Obwohl  dieselben  neben  und  durcheinander  leben,  gehen  sie  nicht 
diirch  Zwischenformen  in  einander  liber,  erweisen  sich  vielmehr  so 
klar  von  einander  abgesondert,  als  hatte  nie  ein  Zusammenhang 
zwischen  ihnen  bestanden. 

Linné  und  seine  Schule,  welche  dièse  Tatsache  bereits  klar  er- 
kannten,  fassten  daher  die  Uebereinstimmungen  und  Unterschiede 
der  Arten  als  etwas  Feststehendes,  Unverânderliches  auf  und,  indem 
sie  dièse  Auffassung  auch  auf  die  Vergangenheit  und  Zukunft  der 
Species  ausdehnten,  bildete  sich  das  Dogma  von  der  "Constanz 
der  Art." 

Ja  es  kann  gesagt  werden,  dass  man  in  jenen  Zeiten  der  grlind- 
lichen  Untersuchung  aller  der  Tatsachen  —  und  es  fehlte  schon  da- 
mais an  der  Beobachtung  solcher  Tatsachen  nicht  —  v^^elche  dièses 
Dogma  hatten  erschiittern  und  als  Irrtum  ausweisen  miissen,  ge- 
flissentlich  aus  dem  Wege  ging. 

Die  grosse  Lebensarbeit  Darwins  hat  dieser  Anschauung  den 
Todesstoss  versetzt. 

Der  Naturforscher  von  hçute  sieht  die  Unterschiede  zwischen  den 
Arten  als  etwas  Gewordenes  an  und  die  Uebereinstimmung  als  etwas 
LTrspriinghches  aus  der  naturlichen  Verwandtschaft  der  Organismen 
mit  einander  ganz  natiirlicher  Weise  Herriihrendes,  in  bestimmten 
Fâllen  dann  allerdings  vielleicht  auch  durch  Convergenz  nachtrag- 
lich  Entstandenes. 

'  Vide  ante,  Blanchard,  Rapport  sur  le  concours  pour  le  prix  de  S.  M.  V Em- 
pereur Nicolas  II. 
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Sind  die  verschiedenen  Arten  nun  tatsachlich  einerseits  bliits- 
verwandt,  anderseits,  wie  wir  vorher  betont  haben,  gegenwartig  von 
einander  geschieden,  so  muss  es  eine  Hauptaufgabe  der  Entwicke- 
lungslehre  sein,  der  En  stehung  dieser  Scheidung  nachzuspuren 
und  wenigstens  den  Weg  zu  verfolgen,  welcher  zur  Herausgestaltung 
jener  Lucke  zwischen  den  Arten  fUhrte.  Hat  die  Descendenztheorie 
recht,  so  muss  doch  wohl  a  priori  angenommen  werden,  dass  dieser 
Sclieidungsprocess  sich  nicht  nur  in  der  Vergangenheit  vollzogen 
hat,  sondern  dass  er  auch  in  der  Gegenwart  seinen  Fortgang  nimmt 
und  dass  es  daher  moglich  sein  sollte,  solche  Individuengruppen  auf- 
zufinden,  in  denen  sich  gerade  zu  unseren  Lebzeiten  eine  solche  Kkift 
zu  ofïnen  beginnt. 

Der  Blutsverwandtschaft  zwischen  den  Organismen  kann  nur 
durch  Zuchtung  nachgegangen  werden.  Es  ware  also  auf  Grund 
unserer  Erwâgungen  eine  zweifache  Aufgabe  zu  losen: 

I.  Durch  Zuchtung  oder,  wie  man  dièse  Art  der  Zuchtung  nennt, 
durch  Kreuzung  zu  ermittehi,  wie  beschaffen  die  Lucken  zwischen 
getrennten  Einheiten,  also  verschiedenen  Arten,  sind  ? 

IL  Zu  untersuchen,  wie  sich  das  Zuchtresultat  gestaltet,  wenn 
wir  die  im  Rahmen  einer  Species  stehenden,  aber  sichtlich  verschiede- 
nen Formengruppen  miteinander  paaren. 

Zeigt  sich  dann,  dass  die  Resultate  der  L  Experimentreihe  ver- 
glichen  mit  den  Resultaten  der  IL  Experimentreihe  ihrem  innersten 
Wesen  nach  etwas  fundamental  Verschiedenes  sind,  so  kann  keine 
der  zu  der  experimentellen  L^ntersuchung  herangezogenen  im  Rahmen 
einer  Art  stehenden  verschiedenen  Formengruppen  als  Ausgangs- 
punkt  fiir  die  Herausgestaltung  neuer  Arten  gedacht  werden. 

Stellt  sich  aber  heraus,  dass  das  Ergebnis  der  Paarung  zwischen 
gewissen  verschiedenen,  im  Rahmen  einer  Art  stehenden  Formen 
nur  graduell,  nur  quantitativ  sich  von  den  Zuchtresultaten  getrennter 
Arten  unterscheidet,  so  konnen  dièse  Verschiedenheiten  innerhalb 
der  Art  der  Beginn  neuer  Arten  sein.  ^Yir  haben  ein  Recht,  in 
diesen  betreffenden  Formengruppen  die  Vorstufen  neuer  Arten  zu 
erblicken. 

Fiir  die  L  Experimentreihe  wurden  seit  LS73  bis  zur  Cregenwart 
63,600  Individuen  von  gegen  vierzig  Arten  verbraucht. 

Das  Ergebnis  derselben  war  bezuglich  der  uns  hier  in  eressieren- 
den  Frage  folgendes  : 

AYurden  Ai'ten  gekreuzt,  welche  verschiedenen  Familien  an- 
gehorten  : 

Phragmatobia  fuliginosaLi.  S  .      Endromis  versicoloral^.  S 
Saturnia  pavonia  L.  9       '  Aglia  tau  L.  9 

so  erwiesen  sich  die  nach  der  Paarung  abgelegten  Fier  stets  als  voll- 
kommen  unbefruchtet. 
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Aiich   die   Kreuzung   von   Arten   aus   verschiedenen   Gattungen 
derselben  Familie: 

Aglia  tau  L.  ^  _  Saturnia  pavonia  L.  ^ 

etc.,  etc.,  etc., 


Saturnia  pavonia  L.  9  Aglia  tau  L.  9 

Saturnia  pavonia  L.  ^ 

Adias  luna  L.  9 

lieferte  im  allgemeinen  keine  Brut. 

Saturnia  pavonia  \^.  S  ^      -,   ^  ^  t>..       i 

— — — — ■  \  .... — p  zeugten  1-7  %  Raupchen. 

Uraeltsia  isabetlœ  (jraells,  V 

(Cf.  Standfuss,  Handbuch,  1896,  ss.  99-100,  Taf.  III,  Fig.  6;  iind 
Standfuss,  Exper.  zoolog.  Studien  .  .  .  1898  ans  Neue  Denkschriften  d. 
allgem.  schweiz.  Gesellsch.  f.  d.  gesammten  Naturwissensch.,  s.  47.) 

Im  gunstigsten  Falle  gluckte  es,  dieselben  bis  nach  der  zweiten 
Hliiitung  zu  erziehen,  dann  starben  sie  ab. 

Ganz  neuerdings  gelang  es  dann  auch  Bastardbrut,  welche  aus 
der  Kreuzung  zweier,  verschiedenen  Gattungen  angehorender  Arten 
hervorging,  bis  zur  Imaginalform  zu  erziehen,  nâmhch  von 

Dilina  tiliae  L.  $ 
Smerinthus  ocella  a  L.  9  ' 

Es  wurden  im  ganzen  bis  jetzt  rund  7000  Individuen  der  beiden 
Grundarten  zusamhien  fiir  dièses  Experiment  verbraucht,  welche 
nur  20  wohlentwickelte  Exemplare  des  Gattungsbastards  ergaben, 
ohne  Ausnahme  mannhche  Individuen  (cf.  Photographieen,  Fig. 
238-251). 

Aus  Kreuzungen  von  Arten  gleicher  Gattung  resultierte  bei 
umfassend  ausgefuhrtem  Experiment  meist  Brut. 

Drei  von  diesen  Kreuzungen  : 

Smerinthm  ^""^f^  \-  ^    (cf.  Photogr.,  Fig.  159); 
ocellata  L.  9  &   '      6         ^  ' 

,,  ,  neustria  L.  ^        (cf.  Standf.  Handbuch,  1896,   Taf. 

Malacosoma -. — — ttt    x?-     o\ 

francomca  Esp.  9  ^^^'  ^^ë-  ^)'' 

-ir^r^n        i  r>riT    o  vovuH  vnT.  ttustauti  Stgr.  ^    (cf.  Photogr., 

von   1906  u.  1907,  Smer.  f—^ ^ — -  ^.     ,„..  .^~s 

ocellata  L.  9  ^ig.  190-197), 

lieferten  nur  mânnliche  Individuen,  zwei  andere, 

,,  ,  neustria  L.  $  (cf.  Standf.  Handbuch,  1896, 

Malacos.  : t^—-. rp^f  ttt   t^-      as. 

castrensis  var. -ye/^eto  btdts.  9  ^^^-  ^^^'  '^^&*  ^n 

.   ,,  1  franconica  Esp.   ^ 

und  Malacos. — ; — ^r-. , 

castrensis  var.  veneta  btrs.  9 

nur  weibhche,  sexuell  verkiimmerte  Falter. 
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Vier  weitere  Hybridationen 

o  ocellata  h.   ^   ,  „   -^,  ^.        ^^     ^„, 

^''^^^-  populi  L.  9     ^''-  ^''''''^'■'  ^'^-  '''-'''^-' 

^^^^^^  ocellata  var.  ^ntica  Aust.   ^   ^^^   p^^^^^^^^^  ^.^^  ^g^_^gg^. 

^    ^^^^  a^'^c^^o^g^ct  F.  ê  ^^^^  g^^^^  Gesamtb.,Taf.  IV,  Fig.  15, 16); 
curtula  L.  9 

von  1906  und  1907  Smer.  ocellata  L.  ^  ^  (cf.  Photogr., 

fO'puh  var.  austauti  otyr.  9    Fig.  198-209), 

wiesen  als  Nachkommen  viele  mânnliche  und  sehr  wenige  weibliche 
Imagines  auf,   letztere  stets  von  so  kiimmerlichem  Gesamtgeprage, 
dass  sie  als  fortpflanzungsfahig  nicht  gedacht  werden  konnen. 
Zwei  fernere  Kreuzungen, 

^  .     pavonia  h.  $       (cf.  Stdfs.  Handbuch,  1896;  Photogr.,  Fig. 

''"''  spini  Schiff.  9  13-26,  Taf.  II,  Fig.  3-5)  ; 

ç  .     pavonia  h.   $     (cf.  Stdfs.  Handbuch,  1896;   Photogr.,  Fig. 

^''^''''''''  pyri  Schiff.  9  91-105,  Taf.  I,  Fig.  1-4), 

brachten  mânnhche  und  weibUche  Individuen  in  normaler  Ver- 
haltniszahl    hervor,    aber    die    Ovarien    des    einen    INIischlings  — 

Satitrnia —  enthielten   niemals   auch    nur   Eikeime,   die 

pyri  9 

des  anderen  —  Saturnia  - — :—. —  w  esen  ofter  in  geringer  Zahl 

spini  9 

verkiimmerte  und  missgebildete  Eier  auf,  welche  indess,  wie  viele 
Versuche  bewiesen,  sich  in  keinem  einzigen  Falle  als  entwickelungs- 
fahig  zeigten. 

Bei  diesen  zv^olf  verschiedenen  Bastardformen  war  also  eine 
Fortpflanzung  derselben  in  sich  voUkommen  unmoglich  und  aus- 
geschlossen. 

Schliesslich  wurden  doch  aber  auch  bei  diesen  Experimenten  acht 
weitere  verschiedene  Blendlinge: 

Zygaena     j^^M^  L.    <?      ^^^   g^^^^  Handb.,  1896,  Taf.  III,  Fig.  5), 

filipendulae  L.  9 
^  curvatula  Bkh.  ^  (cf.  Stdfs.  Exper.  Zool.  St.  1898,  Taf.  I, 

'^^P^^^^    jalcataria  L.  9       Fig.  12  ;  ferner  Gesamtbild,  etc.,  Taf.  IV, 

Fig.  5,  6). 

Drepana    /«^g«^«^^«  L    S  Gesamtbild,  etc.,  Taf.  IV,  Fig.  7,8). 

^         curvatula  Bkh.  9  ,     &     ,    j. 

Pygaera  P'^^ra™^-  S  (^,f   Gesamtbild,  etc.,  Taf.  IV,  Fig.  9,  10). 
curtula  L.  9 
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curtula  L.  S    (cf.  Exper.  Zool.  St.  1898,  Taf.  III,  Fig.  11, 
^y9^^^^  pigra  Hfn.  9       12;  und  Gesamtbild,  Taf.  IV,  Fig.  11,  12). 

p  cur  ula  L.  S       (cf.  Exper.  Zool.  St.  1898,  Taf.  IV,  Fig. 

^^'''''"'  anachoreta  F.  9        13,  14;  und  Gesamtbild,  Taf.  IV,  Fig. 

13,  14). 

von  1906,  Smerinthm      ^^^^^^^^;^;  ^       (cf.  Photogr.,  Fig.  226-237), 
excaecata  Abbot  9 

von  1906,  gùfo/^ggr^'^^"^"^-  ^ 
hirtarius  Cl.  9 

erzogen,  deren  Verhalten  uns,  in  Anbetracht  der  gerade  verfolgten 
Problème,  besonders  interessiert,  v^eil  hier  die  Blutsverwandtschaft 
unter  allen  bisher  von  uns  daraufhin  durch  das  Kreuzungsexperiment 
eontrollierten  Artenpaaren  ^  ein  Maximum  erreicht. 

Als  wichtigste  Ergebnisse,  die  sich  bei  den  Kreiizungen  dieser 
Arten  heraustellten,  waren  folgende  Punkte  hervorzuheben  : 

1.  In  den  von  den  hybridisierten  Weibchen  abgelegten  Eiern 
entwickelten  sich  niemals  durchweg  Embryonen,  wâhrend  aus  genu- 
iner  Paarung  herriihrende  Eier  regularer  Weise  ohne  Ausnahme 
Brut  zu  ergeben  pflegen. 

2.  Die  Bastarde  stellen  eine  individuell  schwankende  Zwischenform 
zwischen  den  elterlichen  Arten  dar,  welche  aber  der  erdgeschichtlich  " 
âlteren  Species  naher  steht  ohne  sie  jedoch  vollkommen  zu  erreichen. 

3.  Die  Hybriden  zeigen  zwischen  der  mânnlichen  und  der  weib- 
lichen  Individuenzahl  ziemlich  genau  das  normale  ^  procentuale  Ver- 
hâltnis  (cf.  Standf.  Handb.  1896,  ss.  189-196). 

*  Um  distincte  Arten,  vim  dies  noch  besonders  hervorzuheben,  muss  es 
sich  in  allen  diesen  hybridisierten  Speciespaaren  handeln,  da  sich  die  Verbreit- 
ungsgebiete  aller  Paare  vielfach  decken  —  abgesehen  von  den  beiden  Smerin- 
thus-Arten,  von  denen  das  eine  der  palaearctischen,  das  andere  der  neoarctischen 
Fauna  angehôrt,  ûber  deren  Artverschiedenheit  indess  aus  vielen  Grûnden  ein 
Zweifel  nicht  bestehen  kann  —  ohne  dass  bisher  jemals  erdgeschichtlich  erhal- 
tungsfâhige  Zwischenformen  irgendvvo  aus  der  Natur  bekannt  geworden  waren. 

^  Wir  kônnen  uns  hier  auf  die  Methoden  der  Feststellung  des  verschieden 
hohen  erdgeschichtlichen  Alters  der  experimentell  auf  ihr  Mischproduct  hin  ge- 
prùften  Artenpaare  nicht  einlassen,  doch  ist  zu  sagen,  dass  dièse  Feststellung 
einen  recht  hohen  Grad  der  Wahrscheinlichkeit  erreichen  kann.  Die  Falterwelt 
gehôrt  nachweislich  zu  den  neueren  Tierformen,  hat  sie  sich  doch  im  engsten 
Anschluss  an  die  Entwickelung  der  erdgeschichtlich  nicht  alten  phanerogamen 
Bliitenwelt  herausgestaltet  und  ist  darum  in  ihren  Artenreihen  grôsstenteils 
noch  sehr  vollkommen  erhalten.  Dièse  VoUstândigkeit  der  Reihen  erleichtert 
die  Prufung  der  einzelnen  Glieder  dieser  Reihen  auf  ihr  relatives  erdgeschicht- 
liches  Alter. 

Man  vergleiche  die  hierher  gehôrenden  Erôrterungen  in  Standf uss,  Hand- 
buch,  1896,  ss.  100-107  (das  relative  phylogenetische  Alter  der  drei  Arten  :  Sa- 
turnia  spini,  pavonia  und  pyri)  ;  sowde  Exper.  Zool.  Studien  Separatum,  ss.  74-76 
(hier  handelt  es  sich  um  die  Feststellung  des  verschieden  hohen  erdgeschicht- 
Ùchen  Alters  der  drei  Arten  :  Pygaera  pigra  Hfn.,  curtula  L.  und  anachoreta  F.). 

'  Ausgenommen  die  Kreuzung  Pyg.  r — *  \<  q     ^^^    welcher    nur   sehr 

wenige  Weibchen  auftraten. 
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4.  Die  mannlichen  Falter  erweisen  sich  —  soweit  sie  bisher 
daraufhin  controlliert  wurden  —  von  fast  normaler  Fruchtbarkeit. 
Die  weiblichen  Imagines  besitzen  in  der  IMehrzahl  der  Individuen 
eine  Eiermenge,  welche  hinter  dem  normalen  Eierschatz  der  Grund- 
arten  wenig  zuriicksteht;  es  finden  sich  indess  auch  aile  Uebergange 
von  diesen  Formen  bis  zu  solchen  weiblichen  Individuen,  deren 
Ovarien  vollkommen  leer  sind. 

c     T>  •     ]    •     r  T>    i     jr  T~»  curvatula  Bkh.  ê 

5.  liei   drei    dieser   Bastardiormen    Vrepana  — ; , 

falcataria  L.  9 

r,  piqra  Hfn.   S         i  r>  curtula  L.   $  , 

ryqaera  ^-^ — ; — ,  und  Fyqaera  —. — wurden    mann- 

•^  curtula  L.  9  ^"^  pigra  Hfn.   9 

liche  und  weibliche  Individuen  derselben  Bastardform  mehrfach 
mit  einander  zur  Paarung  gebracht.  In  den  nach  der  Paarung 
abgelegten  Eiern  entwickelte  sich  meist  eine  ziemliche  Anzahl  Brut,  in 
den  gunstigsten  Fidlen  schliipften  indess  nur  5-11  %  Raupchen  aus. 

Eine  Aufzucht  derselben  gluckte  in  keinem  einzigen  Falle  (cf. 
Exper.  Zool.  St.  1898,  ss.  70,  71,  und  Gesamtb.  1899,  ss.  25-27). 

Mithin  erwies  sich  auch  zwischen  den  Artenpaaren,  welche  noch 
die  grosste  Blutsverwandtschaft  bei  unseren  langjahrigen  Ziichtnngs- 
Experimenten  zeigten,  die  Kluft,  die  Scheidung  als  eine  définitive. 

Fassen  wir  die  aus  diesen  umfassenden  Versuchen  bezliglich  der 
verfolgten  Fragen  sich  ergebenden  Tatsachen  kurz  zusammen,  so 
wâre  etwa  zu  sagen: 

Wir  haben  da  eine  ganze  Stufenleiter  der  inneren  Wahlverwandt- 
schaft,  der  physiologischen  Affinitat  zwischen  den  experimentell  con- 
trollierten  Artenpaaren  feststellen  konnen. 

Zunachst  fanden  wir  solche,  die  sich  wohl  zur  Kreuzung  bringen 
lassen,  ohne  indess  irgend  wie  fahig  zu  sein,  Nachkommenschaft  mit 
einander  zu  zeugen. 

Weiter  zeigten  sich  Verw^andtschaftsverhaltnisse,  denen  zwar  hybride 
Brut,  aber  anscheinend  keine  recht  lebensfahige  Brut  entsprang.  Es 
starb  dieselbe  stets  Jung,  oder  doch  ver  Erreichung  der  halben  Grosse 
wieder  ab. 

Ferner  ernierten  wir  dann  mancherlei  Stufen  einer  sich  mehr  und 
mehr  steigernden  physiologischen  xAffinitiit  zwischen  den  verschiedenen 
daraufhin  controllierten  Artenpaaren  —  bis  hinab 

schliesslich  zur  Erzeugung  von,  wenn  auch  nicht  in  hohera  Grade, 
so  doch  tatsachlich  in  sich  fortpflanzungsfiihigen,  bruterzeugenden  Misch- 
lingsformen.  Indess  es  war  dièse  Brut  der  Blendiinge  niemals  soweit 
lebensfàhig,  dass  eine  Aufzucht  derselben  moglich  gewesen  wàre. 

Dass  Schlussresultat  einer  mehr  als  dreissigjàhrigen  Arbeit  lautet 
mithin  : 

Es  war  in  keinem  einzigen  Falle  moglich,  aus  der  Kreuzung  genuiner, 
der  Natur  direct  entnommener  Arten  eine  in  sich  irgendwie  erhaltungs- 
fàhige  Mischlingsform  zu  erziehen. 
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Allein  damit  war  offenbar  die  vorliegende  Frage  nicht  bis  zu 
ihrem  Ende  durchgefuhrt.  Stellten  aiich  aile  die  gezUchteten  pri- 
maren  Bastarde  keine  in  sich  erhaltungsfiihige  Formen  dar,  so 
waren  ja  vielleicht  mit  ihnen  durch  Paariingen  in  anderer  Riclitung 
secundiire  oder  tertiiire  Hybriden  erreichbar,  welche  moglicher 
Weise  erdgeschichtlich  erhaltungsfiihige  Formen  darstellten  ? 

Auch  in  dieser  Richtung  wurden  weitgehende,  vielfach  iiusserst 
anstrengende  und  zeitraubende  Expérimente  vorgenommen. 

Das  am  consequentesten  mit  Satzirnia  spini,  Schiff.,  pavoniaL,., 
und  pyri,  Schiff.,  durchgefuhrte  Experiment  beanspruchte  allein 
14  ^  Jahre  und  lieferte  sieben  verschiedene  sekundâre  und  tertiare 
Hybridformen  (cf.  Photogr.,  Fig.  1-118). 

Allein  auch  bei  diesen  Experimenten,  mochten  nun  die  primâren 
oder  abgeleiteten  Hybriden  durch  sogenannte  Anpaarung  mit  ihren 
Grundarten  : 


\sptni  Schiff.   9  / 
spini  Schiff.  9 

Saturnia  /^P«^»"^«  L.   J  \ 

pavonia  L.  9 

o  ^        .     f  pavonia  1^.   $\ 

Saturnia     i — .  c^  ,  .^ 1  > 

\pi/ri  Schiff.  9  /  ^ 

pavonia  L.   9 

f  / pavonia  L.   ^\ 
Saturnia  ^  \pyri  Schiff.  9  /  ^ 
[^    pavonia  Iv.   9 
pavonia  L.   9 


(cf.  Gesammtb.,  Taf.  III,  Fig.  4,  5; 
Photogr.,  Fig.  9-12). 


(cf.  Gesammtb.,  Taf.   III,  Fig.  6,  7, 
8;  Photogr.,  Fig.  27-43). 


(cf.  Handb.,  Taf.  II,  Fig.  6,  7;  Ge- 
sammtb., Taf.  III,  Fig.  1,  2,  3; 
Photogr.,  Fig.  73-90). 


S  (cf.  Gesammtb.,  Taf.  IV,  Fig.  4; 
Photogr.,  Fig.  46-48). 


'  Die  Aufgabe  gestaltete  sich  darum  zu  einer  so  zeîtraubenden,  vreil  die 
Puppen  dieser  Saturnienarten,  zumal  die  der  Bastarde,  zwei,  drei,  ja  vier  Winter 
iiberzuliegen  pflegen,  bevor  sie  die  Falter  liefern,  also  erst  dann  fur  Zuchtzwecke 
Verwendung  finden  kônnen.  Zudem  war  die  Sterblichkeit  der  abgeleiteten 
Bastardraupen  iiberwiegend  eine  ausserordentlich  grosse,  offenbar  zusammen- 
hângend  mit  der  Unmôglichkeit  der  Herausgestaltung  normaler  Keimdriisen. 
Dabei  starben  die  Raupen  in  der  Regel  erst  erwachsen  oder  doch  nahezu  er- 
wachsen  ab,  so  dass  fast  die  Miihe  der  vollstândigen  Avifzucht  zu  leisten  war. 

Die  anatomisch  untersuchten  Individuen  der  abgestorbenen  Raupen  wiesen 
stets  eine  abnorme  oder  direct  monstrôse  Gestaltung  der  Keimdriisen  auf.  An 
den  bis  zur  Imaginalform  entwickelten  abgeleiteten  Bastarden  findet  dieser 
innere  abnorme  oder  monstrôse  Bau,  welcher  ebenfalls  mehrfach  in  seinen  Ein- 
zelheiten  durch  anatomische  Untersuchimg  controUiert  wurde,  âusserlich  seinen 
Ausdruck  in  einem  recht  verschiedenartig  auftretenden  gynandromorphen  Ge- 
prâge  (cf.  Exper.  Zool.  Stud.,  ss.  53-67,  u.  Taf.  V,  Fig.  6;  ferner  Gesammtb., 
ss.  I9-24,  u.  Taf.  III,  Fig.  3  u.  8;  weiter  Photogr.,  Fig.  31-34  und  81-90.  Zu 
vergleichen  ist  damit  auch  der  abgeleitete  Rassenmischling,  Photogr.,  Fig.  135). 
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/pavonia  L.  S 
\pyri  Schift'.  9  /  ° 
pyri  Schifï.  9 
curvatula  Bkh.  <? 
fcurvatula  Bkh.  S\ 
\falcataria  L.  9      / 
f    curvatula  Bkh.   (? 
vatula  Bkli.  c? 


Saiurnia 

Drepana 
Drepana 

Pygaera 


Pygaera    <|  \curtula  L.  9 


(cf.  Handb.,  Taf.  IV,  Fig.  1-3;  Pho- 
togr.,  Fig.  106-109). 


/curv 
\falca 


[^  \falcataria  L.     9 


) 


( 


falcataria  L.  9 
anachoreta  ¥.   ê\^ 
curtida  L.  9 


=) 


curtula  L.  9 

curtida  L.  ç? 
{  f  anachoreta  F.   (J 


curtida  L.  9 


Pygaera 


Pygaera 


■) 


/curtula  L.  <? 
\anachoreta  F. 
anachoreta  F.  9 
f  f  curtida  L.  (î 
\anachoreta  F.  9 
anachoreta  F.   9 
anachoreta  F.  9 


oder  mochten  primare  Hybriden  durch  Kreuzung  mit  einer  dritten 
Art: 

fpavonia  L.  ^  ^         (cf.Exper.  Zool.  St.,  ss.  50,  51,  Taf. 

^        V,  Fig.   7-9;   Gesammtb.,  Taf.  IV, 

Fig.  1,  2;  Photogr.,  Fig.  110-117), 


Saiurnia 


\spini  SchiflF.  9 
pyri  Schifï.   9 


combiniert  werden,  oder  mochten  endhch  abgeleitete  Bastarde  mit 
einander  gepaart  werden  : 


Ç  f  pavonia  1^.  $ 
<  \spini  Schiff.   9 
Saturnia    l    pavonm  L.  9 


(cf.  Gesammtb.,  Taf.  IV,  Fig. 
^       3;  Photogr.,  Fig.  44,  45). 


f  / pavonia  L.  (^   \  ^ 
I  \spini  Schiff.   9  / 
pavonia  L.  9 
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cnrvatula  Bkh.  $       '\ 


/curvahda  Bkh.  $" 
Drepana    iXialcataria  L.  9 

curvafula  Bkh.   cT 


f  cnrvatula  Bkh.  S\q 
[\falcataria  L.  9      J     j 

niemals    gelang    es,  einen    in  sich  erhaltungsfahigen  Typus  zu  er- 
reichen. 

Auf  die  Spitze  getrieben  endeten  die  Expérimente  stets  mit  einigen 
wenigen  Mânnchen. 

Die  IL  Kategorie  der  ZUchtungs-Experimente,  mit  einem  bis- 
herigen  Verbrauch  von  etwas  liber  12,000  Individuen,  welche  die 
Beziehungen  zwischen  den  verschiedenen  noch  im  Rahmen  der  Art 
stehenden  Formengruppen  zu  untersuchen  hatte,  wurde  in  drei 
Reihen  zerlegt: 

A.  Paarung  von  normaler  Form  mit  der  an  gleichem  Ort  und 
zu  gleicher  Zeit  auftretenden  fluctuierenden  Variation. 

B.  Paarung  von  normaler  Form  mit  der  an  gleichem  Ort  und 
gleichzeitig  sich  findenden  constanten  Variation  von  meist  charac- 
teristischem  Gepriige;  im  allgemeinen  wohl  sich  deckend  mit  den 
durch  die  Arbeiten  von  De  Vries,  Correns,  Davenport,  Bateson,  Arn. 
Lang,  Tschermak,  etc.,  etc.,  und  die  wieder  aufgefundenen  Mendel- 
schen  Arbeiten  unter  dem  Namen  "Mutationen"  neuerdings  ganz 
allgemein  bekannt  gewordenen  Formen. 

C.  Paarung  von  Individuen  derselben  Art,  aber  von  verschie- 
denen Localitaten. 

Aus  Gruppe  A  wurden  bisher  durch  Zuchtexperiment  untersucht: 

1.  Fine  Paarung  von  Argynnis  lathonia  L.  Mânnchen  normal, 
Weibchen  variierend  durch  starkes  Zusammenfliessen  der  schwarzen 
Flecken  auf  der  Oberseite  der  Vorder-  und  Hinterflugel.  Beide 
stammten  von  Lissa  in  Schlesien.  Die  aus  dieser  Paarung  erzogenen 
89  Falter  waren  durchweg  vollkommen  normal. 

2.  Fine  Paarung  von  Epicnaptera  tremulifolia  Hb.  Mânnchen 
normal,  Weibchen  mit  ubermassig  kraftiger  Fntwickelung  der  die 
Oberseite  der  Vorderflugel  durchquerenden  Zackenlinien.  Die 
Falter  wurden  bei  Halle  a.  S.  im  Freien  in  Paarung  gefunden.  Die 
bis  zur  Imago  erzogenen  123  Individuen  zeigten  keinerlei  Andeu- 
tung  der  Variation  des  mutterlichen  Falters. 

3.  Fine  Paarung  von  Agroiis  linogrisea  Schiff.  Mânnchen  mit 
brauner,  statt  gelber  Grundfarbe  der  Hinterflugel  und  einem  normalen 
Weibchen  der  Ai"t.  Beide  Falter  waren  aus  Raupen  aus  der  Lim- 
gegend  Berlins  erzogen  werden.  Résultat:  63  normale  Nach- 
kommen  und  2  Uebergânge  zu  dem  variierenden  viiterlichen  Typus. 
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In  den  letzten  Jahren  gelangte  dann  weiter  Dilina  tiliae  L.  mehr- 
fach  zur  Controlle.  Unter  dieser  Art  findet  sich  eine  fluctuierende 
Variation,  bei  welcher  die  dunkle  Mittelbinde  der  Vorderfliigel 
mehr  oder  weniger  erlischt,  oder  doch  reduciert  erscheint  (cf.  Photogr. 
Fig.  270,  273).  Dièse  Variation  wurde  in  mannlicher  und  weiblicher 
Form  mit  der  Grundform  conibiniert  und  auch  in  sich  zur  Paarung 
gebracht. 

Der  Befund  dieser  Ziichtungen  war  folgender: 

4.  Dilina  tiliae  L.  $  normal  gepaart  mit  9  variierend.  Brut: 
72  Falter,  aile  normal. 

5.  DU.  tiliae  L.  $  normal  gepaart  mit  9  variierend.  Brut:  65 
Falter,  aile  normal. 

6.  DU.  tiliae  L.  $  variierend  gepaart  mit  9  normal.  Brut:  69 
Falter,  davon  ein  9  schwach  abweichend. 

7.  DU.  tiliae  L.  $  variierend  gepaart  mit  9  normal.  Brut:  52 
Falter,  ein  9  dem  mannlichen  variierenden  Typus  sehr  ahnlich,  die 
ubrigen  normal. 

8.  DU.  tiliae  L.  $  variierend  gepaart  mit  9  in  gleichem  Sinne 
variierend.  Brut  :  81  Falter,  davon  gehorten  ein  $  und  ein  9  einer 
Zwischenform  zwischen  der  variierenden  und  der  Grundform  an  und 
ein  Parchen  war  dem  elterlichen  variierenden  Typus  recht  ahnlich. 
Die  ubrigen  77  Falter  waren  normal. 

Die  Expérimente  wurden  mit  den  durch  Zucht  erhaltenen  fluctu- 
ierenden  Varietiiten  von  Dilina  tiliae  L.  noch  zwei  Jahre  lang  weiter- 
gefuhrt  und  dabei  eine  kleine  Zunahme  der  variierenden  Individuen, 
sowie  eine  Zunahme  des  Grades  der  Variabilitât  unter  der  erhaltenen 
Brut  constatiert.  (Eine  Reihe  der  bei  diesen  letzten  Experimen- 
ten  erhaltenen  Variationen  ist  in  Fig.  274-281  der  Photographien 
wiedergegeben.  ) 

Mit  Bezug  auf  die  uns  interessierende  Frage  wâre  als  Gesammt- 
resultat  dieser  Experimentreihe  A  zu  sagen: 

Kein  einziges  dieser  zu  Gruppe  A  gehorenden  Zuchtexperimente 
lieferte  ein  Ergebnis,  welches  darauf  hindeutete,  dass  mit  dieser  fluctu- 
ierenden  Variation,  mit  diesem  abweichenden  Farbungs-  oder  Zeich- 
nungsgeprage,  ein  physiologisches  Divergentwerden  hinsichtlich  der 
Zeugung  mit  dem  Normaltypus  direct  verknlipft  ist,  oder  dass  dièses 
Geprage  doch  einen  ausseren  Index,  eine  constante  Begleiterscheinung 
fiir  ein  solches  Divergentwerden  darstellt.  Niemals  versagten  Eier  nach 
den  primjiren  Paarungen  zwischen  Normalform  und  Variation,  niemals 
auch  erwies  sich  die  Nachkommenschaft  weniger  fruchtbar  als  die 
elterlichen  Formen. 

Auf  die  Gruppe  B,  welche  jetzt  als  "Mutationen"  ein  grosses 
actuelles  Interesse  gewonnen  haben,  stiess  ich  das  erste  Mal  bereits 
in  den  Jahren  1876-1878. 

Es  handelte  sich  damais  um  ein  Zuchtexperiment  mit  Boarmia 
repandata  L.,  welche  mit  ihrer  constanten  Variation  conversaria  Hb. 
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gepaart  wurde  (cf.  Standfuss,  Handbuch,  s.  317,  und  Taf.  VIII, 
Fig.  3). 

Von  1885  ab  zog  ich  dann  auch  Brut  aus  der  Paarung  von  Ly- 
mantria  monacha  L,  und  var.  (ab.)  eremita  O.  (cf.  Handbuch,  p. 
307-311  und  Taf.  IV,  Fig.  4),  sowie  aus  der  Paarung  von  Acjlia  tau  L. 
mit  var.  (ab.)  lugeiis  Stdfs.  (cf.  Handbuch,  s.s.  311-313  und  Taf.  VIII, 
Fig.  4-7). 

]\Iit  der  Gattung  AgHa  wurden  die  Expérimente  neun  Jahre 
nacheinander  (von  1885-1893)  durchgefuhrt. 

Die  Nachkommenschaft  zerfiel  bei.  allen  drei  Arten  stets  scharf 
geschieden  wieder  in  die  Normalform  und  in  die  Mutation,  von  einem 
einmaligen,  eigenartigen  Ergebniss  bei  Lymantria  monacha  L. 
abgesehen  (cf.  Handbuch,  s.s.  308). 

Die  von  vorn  herein  hier  stets  sich  zeigende  reinhche  Scheidung 
zwischen  den  verschiedenen  Formen,  der  constant  sich  erhaltende 
Abstand  zwischen  Mutation  und  Normalform,  oder  Mutation  und 
Mutation  hat  De  Vries  und  seine  Schule  dazu  gefuhrt,  in  diesen 
Mutationen  eleraentare  Arten,  oder  wie  wir  daflir  wohl  auch  sagen 
konnen,  beginnende,  noch  unfertige  Arten  zu  sehen,  also  gerade  das, 
was  wir  suchen. 

Von  einer  Menge  anderer  Griinde,  auf  die  jetzt  nicht  eingegangen 
werden  kann,  abgesehen,  muss  uns  eben  dieser  Umstand,  dass  die 
IMutationen  ein  ganz  anderes  Bikl  der  Vererbung  aufweisen,  nâmUch 
ein  vollkommenes  Fehlen  von  Zwischenformen,  wahrend  Art  mit  Art 
gekreuzt  stets  Uebergangsserien  zwischen  den  zeugenden  Species, 
in  ihrer  morphologischen  Erscheinung  pendehide  Formen  ergeben, 
daran  zweifeln  lassen,  dass  wir  in  den  Mutationen  tatsachhch  ele- 
mentare  Arten  vor  uns  haben. 

Dièse  zwischen  den  zeugenden  Grundarten  pendelnden  Zwischen- 
formen steUten  sich  auch  dann  stets  als  ausschhessHches  Ere:eV)nis 
em,  wenn  sehr  nahe  verwandte  Arten  —  wie  Drepana  curvatula  Bkh. 
mit  falcataria  L.  oder  Pygaera  pigra  Hfn.  mit  curtula  L.  —  mitein- 
ander  gekreuzt  wurden. 

Mit  grosstem  Nachdrucke  muss  auch  hier  als  schwerwiegendster 
Befund  der  Expérimente  mit  Gruppe  B.  betont  werden:  dass  es  nie 
wahrend  der  langjahrigen  Beobachtung  moglich  gewesen  ist,  eine  physi- 
ologische  Divergenz  zwischen  Mutation  '  und  Normalform  bei  diesen 
Zuchtexperimenten  zu  constatieren  :    weder  versagten  jemals  Eier,  noch 

'  Auf  Grund  unserer  Untersuchungen  stellen  sich  die  Mutationen  als  Undu- 
lationen,  als  sprungweise  auftretende  Neubildungen  in  Rahmen  der  Art  dar. 
Sie  bedeuten  in  einigen  Fâllen  nachweislich  das  sprungweise  Auftreten  eines  aus- 
gezeichneten  Schutzkleides;  so  z.  B.  bei  ab.  douhledayaria  Mill.  von  Amphidasis 
hetularius  L.  und  bei  ab.  eremita  O.  von  Lymantria  (Psilura)  monacha  L.  ;  welche 
sich  erfahrungsgemâss  schnell  verbreitet  haben  und  an  gewissen  Localitâten 
bereits  zur  herrschenden  Form  geworden  sind  (cf.  Standfuss:  Die  Beziehungen 
zwischen  Fârbung  und  Lebensgewohnheit,  etc.  in  der  Vierteljahrssch.  d.  natur- 
forsch.  Gesellsch.  i.  Zurich,  1894,  Separatum,  s.s.  34  u.  35). 
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erwies   sich   die   Brut   weniger  fortpflanzungsfahig   als   die   zeugenden 
Typen. 

Gerade  jetzt  ist  es  mir  endlich  gelungen/  ein  neues,  die  Mutation 
betreffendes  Experiment  einzuleiten.  Es  wurden  zwei  scharf  ge- 
prâgte  Mutationen  von  Aglia  tau  L.,  namlich  var.  (  ab.)  lugens  Stdfs. 
und  var.  (ab.)  melaina  Gross,  mit  einander  gepaart,  um  zu  control- 
lieren,  ob  etwa  in  diesem  speciellen  Falle  der  Beginn  einer  physiolo- 
gischen  Divergenz  beobachtet  werden  konnte. 

Die  noch  zu  priifende  Gruppe  C  begi'iff  die  Localrassen. 

Im  Laufe  der  Jalire  wurde  eine  grosse  INIenge  Brut  aus  Paarungen 
zwischen  mannlichen  und  weiblichen  Individuen,  welche  zwar  der- 
selben  Art  angehorten,  aber  von  getrennten,  teilweise  von  weit  ge- 
trennten  Oertlichkeiten  stammten,  erzogen.      So  : 

Dilina  tiliac  L..  ^  $  von  Zurich  —  9  9  von  Wien,  Breslau,  Berlin. 

Saturnia  pavonia  h.  ê  ê  von  Zurich —  9  9  von  Zara  (Dahiia- 
tien),  Monterotondo  (Bern),  Neapel. 

Epicnaptcra  ilicifolia  L.  ^  von  Bolkenhein  (Schlesien),  —  9  von 
Riga,  etc.  etc.,  etc. 

Stets  wiesen  dièse  Localrassen  bei  den  betreffenden  Arten  etwelche 
morphologische  Unterschiede  auf.  Die  erhaltenen  Mischlingsbruten 
bildeten  regelmassig  eine  individuell  zwischen  jenen  Ursprungsrassen 
pendelnde  Zwischenserie. 

Eine  physiologische  Divergenz,  welche  bei  der  Zeugung  zum 
Austrag  gekommen  ware,  zeigte  sich  in  allen  diesen  Fàllen  nicht. 
Das  négative  Résultat  fiel  stets  mit  dem  Mangel  an  stark  ausge- 
sprochenen  korperlichen  Unterschieden  zwischen  den  Individuen 
von  verschiedener  geographischer  Herkunft  zusammen, 

Zwei  Falle,  bei  denen  nun  grade  auch  deutliche  kôrperliche  Un- 
terschiede vorliegen,  ergaben  ein  wesentlich  anderes  Résultat. 

Es  handelte  sich  um  Localrassen  von  zwei  Arten  aus  der  Famille 
der  Arctiiden,  namlich  um  Spilosoma  mstica  Hb.  (Bergell,  Calabrien, 
Rumaenien,  etc.),  und  ihrer  Localrasse  Spilos.  rustica  var.  men- 
dica  Cl.  (Nordhang  der  Alpen,  Frankreich,  Deutschland,  etc.),  und 
um  Callimorpha  dominula  L.  (Nordhang  der  Alpen,  Frankreich, 
Deutschland,  etc.,  imd  ihre  Localrasse  Callim.  dominula  Yar.  persona 
Hb.  (Toscana,  Calabrien).  Wir  miissen  hier  hervorheben,  dass  die 
Fluggebiete  der  genannten  Localrassen  beider  Arctiiden-Arten  in 
einer  Weise  durch  Landstrecken  oder  Gebirgsziige  getrennt  sind,  dass 

'  Aglia  tau  var.  (ab.)  melaina  Gross  findet  sich  an  eng  umschriebener  Stelle 
in  der  Umgegend  von  Steyr  in  Oberôsterreich.  Es  wurde  mein  Assistent  mit  80 
weiblichen  Puppen  von  Aglia  tau  L.  und  40  weiblichen  Puppen  aus  der  Kreuzung 

von  Aalia  ;— V,    ,^ — -  herrûhrend,  die  im  Friihjahre  1906  von  mir  hier 

^        var.  lugens  Stdfs.  ? 
in  Zurich  gezùchtet  worden  waren,  vom  8-13  Mai,  1907,  nach  Steyr  geschickt. 
Dort  ist  es  geglûckt,  ââ  von  Aglia  tau  var.  (ab.)  melaina  Gross  aus  der  freien 
Natur  sowohl  mit  normalen  Aglia  tau  L.   $  9  als  mit  Aglia  tau  var.  (ab.)  Ingens 
Stdfs.  Ç  9  (aus  den  mitgebrachten  Puppen)  zur  Paarung  zu  bringen. 
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eine  Paarung  der  Rassen  hin  und  her  ausserordentlich  erschwert  oder 
unmoglich  ist. 

Beide  Rassenkreuzungen  wiesen  nur  die  Anfiinge  einer  Divergenz 
auf.     Dièse  Dift'erenzierung  iiusserte  sich  darin,  dass: 

1.  Die  nach  der  Kreuzung  abgelegten  Eier  in  gewissen  Fallen 
nicht  durchweg  Riiupchen  ergaben. 

2.  In  einem,  aber  nicht  erheblichen,  Zuriickbleiben  des  Eier- 
schatzes  der  weiblichen  Rassenmischlinge  hinter  dem  normalen 
Eierquantum  der  Grundrassen. 

3.  Teilweise  auch  in  einer  sicher  nachweisbaren  Divergenz  des 
Duftes,  den  die  weiblichen  Individuen  zum  Anlocken  ihrer  Mann- 
chen  ausstromen  (cf.  Handbuch,  s.s.  220-226  und  Taf.  IV,  Fig.  5-13; 
Taf.  V,  Fig.  1-15). 

So  galt  es  denn,  weitere  Etappen  fur  die  gesuchte  beginnende 
Divergenz,  welche  dem  Ergebniss  zwischen  distincten,  wenn  auch 
eng  blutsverwandten  Arten  noch  naher  koramen,  zu  ermitteln. 

Da  dièse  Zucht-Experimente  sehr  viel  Material  und  sehr  viel  Zeit 
beanspruchen,  zumal  auch  wochenlang  nacheinander  zum  grossten 
Teil  durchwachte  Nâchte,  denn  es  eignen  sich  am  besten  die  meist 
kurzlebigen  Nachtfalter  dafiir,  so  drangte  sich  der  Gedanke  auf: 
giebt  es  nicht  vielleicht  noch  einen  anderen  Weg,  dieser  beginnenden 
specifischen  Scheidung  nachzuspiiren  ? 

Schon  1844  hatte  Léon  Dufour  nachge wiesen,  dass  die  mann- 
lichen  Paarungsorgane  bei  den  Insecten  von  Art  zu  Art  sichthche 
Verschiedenheiten  aufweisen,  wahrend  sie  andererseits  im  Rahmen 
der  Art  in  hohem  Grade  constant  sind. 

Auch  dièse  Unterschiede  miissen  offenbar,  wenn  die  Entwicke- 
lungslehre  Recht  hat,  etwas  Gewordenes  sein.  Es  ergiebt  sich  daher 
mit  logischer  Notwendigkeit,  dass  auch  die  Anfânge  dièses  morpholo- 
gischen  Verschiedenwerdens  auffindbar  sein  miissen  (cf.  Handbuch, 
s.s.  333  und  f.). 

1888  und  die  folgenden  Jahre  wurden  von  mir  umfassende  '  der- 
artige  Untersuchungen  vorgenommen  (cf.  Corresp.  Blatt  d.  ent.  Vereins 
Iris,  Dresden,  1888,  p.  211-219),  welche  dann  in  den  letzten  vier 
Jahren  mein  Assistent  W.  Ropke  fleissig  fortsetzte. 

Der  Gesammtbefund  dieser  Untersuchungen  war  der:  weder  bei 
fluctuierenden,  noch  bei  constanten  Varietaten,  also  bei  Mutationen, 
konnten  auch  nur  die  geringsten  Unterschiede  im  Bau  der  Begat- 
tungsorgane  gegenliber  der  Normalform  nachgewiesen  werden.  Hin- 
gegen  zeigten  die  genannten  Localrassen  aus  den  Gattungen  Spilo- 
soma  und  Callimorpha  zwar  kleine,  nicht  erhebliche,  aber  doch 
kenntliche  Unterschiede  darin. 

Besonders  deutlich  fielen  solche  Unterschiede  in  die  Augen 
zwischen  den  betrefîenden  Organen  des  Smerinthus  populi  L.   (im 

^  Es  liegen  gegen  300  dergleichen  Praeparate  vor,  untersucht  aber  wurden 
iiber  1500  verschiedene  Arten,  Localformen  und  Varietaten. 
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gesammten  Europa  verbreitet,  mit  Ausnahme  von  Griechenland  und 
des  hochsten  Nordens)  und  des  Smer.  populi  var.  austauti  Stgr. 
(eine  Riesenrasse  von  Marocco,  Algier  (Meridja,  etc.). 

Das  ira  Jahre  1905  mit  Opfern  erreichte  Zuchtmaterial  dieser 
nordafrikanischen  Rasse  ging  leider  durch  Unbill  der  Witterung  und 
dadurch  begunstigte  Infections-Krankheiten  zu  Grunde. 

Es  gelang  im  Jahre  1906,  neues,  lebendes  Material  von  dieser 
Localform  zu  beschaffen  und  damit  das  Experiment  einzuleiten. 
Die  Versuche  sind  noch  nicht  zum  Abschlusse  gebracht,  indess  schon 
die  bisherigen  Ergebnisse  gehoren  zu  den  bemerkenswertesten, 
welche  bei  diesen  langjahrigen  Untersuchungen  zu  Tage  gefordert 
wurden. 

Es  wurde  sowohl  1,  Smerinthus  populi  L.  S  mit  Smer.  populi  var. 
austauti  Stgr.  9  ,  als  auch  umgekehrt  2,  STner.  populi  var.  austauti 
Stgr.  ^  mit  Smer.  populi  L.  9  in  einer  Anzahl  Fâlle  zur  Paarung 
gebracht. 

Die  Rassenkreuzung  1  war  leichter  als  die  Kreuzung  2  zu 
erreichen. 

Von  den  nach  der  Paarung  1  abgelegten  Eiern  schlupfte  ein 
hoherer  Procentsatz  aus  als  von  den  Eiern  aus  der  Paarung  2.  Da 
Smer.  populi  L.  aus  Griinden,  die  hier  nicht  erortert  werden  konnen, 
ein  urspriinglicher,  ein  erdgeschichtlich  altérer  Typus  sein  diirfte 
als  Smer.  populi  var.  austauti  Stgr.,  so  entsprechen  dièse  Tatsachen 
vollstândig  den  bei  den  Artkreuzungen  zwischen  Drepana  curvatula 
Bkh.  c?  und  Drepana  falcataria  L.  9  und  umgekehrt  —  wie  zwischen 
Pygaera  pigra  Hfn.  ê  und  Pyg.  curtula  L.  9  und  umgekehrt  beo- 
bachteten  Ergebnissen.  Das  Mannchen  der  erdgeschichtlich  alteren 
Drepana  curvatula  paarte  sich  leichter  und  zeugte  mehr  Brut  mit 
dem  Weibchen  der  erdgeschichtlich  jungeren  Drepana  falcataria 
als  das  Mannchen  der  letzteren  Art  mit  dem  Weibchen  der  ersteren, 
und  ebenso  verhielt  sich  Pygaera  pigra  gegeniiber  curtula. 

Die  Imagines  aus  Rassenkreuzung  1  und  2  pendeln  zwischen 
den  beiden  Ursprungsrassen,  stehen  aber  Uberwiegend  der  erd- 
geschichtlich alteren,  Smerinthus  populi  L.,  naher  (cf.  Photogr. 
Fig.  119-134  und  Fig.  136-158).  Ein  Gleiches  hatten  wir  von  den 
Artbastarden  zu  constatieren. 

Beide  Rassenmischlinge  zeigen  zwischen  der  mannlichen  und  der 
weiblichen  Individuenzalil  ziemlich  genau  das  normale  procentuale 
Verhaltniss. 

Die  bisher  aus  Rassenkreuzung  1  erschienenen  Falter  weisen  in 
den  weiblichen  Individuen  aile  moglichen  Stufen  der  Fruchtbar- 
keit  auf. 

Der  grossere  Teil  der  Weibchen  besitzt  einen  Eierschatz,  welcher 
wenig  hinter  dem  normaler  Individuen  der  beiden  Grundarten  zu- 
riicksteht  und  die  Ueberzahl  der  Fier  ist  normal  und  entwicke- 
lungsfiihig. 
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Weiter  finden  sich  weibliche  Exemplare,  welche  trotz  regularer 
Imaginalgrosse  in  ihrer  Eiermenge  hiriter  der  normalen  niehr  oder 
weniger  zuriickbleiben.  Bei  diesen  Individuen  finden  sich  in  der 
Regel  zwischen  den  normalen,  entwickelungsfahigen  Eiern  zahlreiche 
kleinere,  in  sehr  verschiedenem  Grade  verklimmerte  eingeschaltet. 

Noch  starker  entfernen  sich  von  dem  normalen  Typus  der  Grund- 
rassen  die  Weibchen,  welche  ausschliesslich  kleine,  missgebildete, 
nicht  entwickelungsfiihige  Eier  in  ihren  Ovarien  enthalten. 

Bei  den  extremsten  Formen  schliesslich,  die  aber  ebenso  wenig 
âusserlich  sichtliche  Verklimmeriing  zeigen,  erweist  sich  das  Ovarium 
als  vollkommen  leer.  Die  miinnlichen  Individuen  dieser  llassen- 
kreuzung  1  zeigen  in  ihren  Hoden  teils  einen  normalen  Bau,  teils 
auch  Verklimmerungen  und  bisweilen  Modificationen,  wie  sie  sonst 
echten  ans  der  Kreuzung  distincter  Arten  hervorgegangenen  Bastard- 
mannchen  eigen  sind.  Der  Hoden  bleibt  namlich  auf  dem  larvalen 
Entwickelungsstadium  stehen. 

Die  ans  Rassenkreuzung  2  erzogenen  Bruten  verharren  iiber- 
wiegend  noch  im  Puppenstadium.  Die  bereits  erschienenen  mann- 
lichen  und  weiblichen  Falter  sind  in  ihren  KeimdrUsen  ebenso  ver- 
schiedenartig  gestaltet  wie  die  Falter  der  Mischlinge  1,  aber  der 
Procentsatz  an  Individuen,  welche  in  den  besprochenen  Richtungen 
verkiimmert  sind,  ist  hier  ein  etwas  hoherer. 

Es  wurde  nun  weiter  A  <?  und  ?  von  Rassenmischling  1  mit- 
einander  gepaart  und  ebenso  B  c?  und  9  von  Rassenmischling  2, 
ferner  auch  C  1  c?  mit  2  ? ,  und  umgekehrt  D  2  J  mit  1   9 . 

Die  aus  diesen  Paarungen  sich  entwickelnde  Brut  schwankte 
zwischen  41-83  %  verglichen  mit  der  abgelegten  Eiermenge. 

Die  Aufzucht  der  Kreuzungen  C  und  D  gliickte  niemals,  die 
Raupen  starben  meist  sehr  klein  schon  ab,  wenige  wuchsen  weiter 
heran,  keine  einzige  reifte  bis  zum  Puppenstadium  heran.  Von  den  aus 
den  Kreuzungen  A  und  B  erzielten  Bruten  gelangten  nur  4  bis  hoch- 
stens  14  %  der  betreffenden  Raupenserien  bis  zum  Puppenstadium. 

Keine  dieser  Puppen  erreicht  Grosse  und  Gewicht  der  elterlichen 
Form.  Nur  einzelne  kommen  etwa  an  die  Grosse  genuiner  Sîner. 
popw/i-Puppen  heran.  Die  Ueberzahl  ist  bei  vollkommen  regularer 
Gestaltung  klein  und  in  hohem  Grade  verkiimmert  von  1,209- 
1,693  Grm.  Gewicht. 

Normale  Dilina  tiliae  L.-Puppen  wiegen  1,381-1,621  Grm.  Sie 
bleiben  also  teilweise  noch  etwas  hinter  dem  Gewicht  dieser  kleinsten 
mitteleuropaeischen  verwandten  Schwârmerform  zuriick. 

Von  Kreuzung  A  ist  vor  wenigen  Tagen  der  erste  Falter  ausge- 
schliipft,  den  die  Photographieen  in  Fig.  135  wiedergeben;  es  ist  ein 
ausgesprochen  gynandromorphes  Individuum,  wie  sich  solche  unter 
abgeleiteten  Bastarden,  welche  aus  der  Kreuzung  genuiner  Arten 
hervorgingen,  ofter  zeigen  (cf.  Photogr.  Fig.  81-90). 

Wir  constatieren  mithin,  dass  die  im  Vorhergehenden  unter  1-4 
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als  Ergebniss  der  Artkreuzung  festgestellten  Befunde  ihrem  Wesen 
nach  vollkommen  gleicliartig  sind  den  ebenso  bereits  genannten 
Befiinden  bei  unseren  Rassenkreuzungen. 

Unter  Punkt  5  wird  vorher  dann  weiter  beziiglich  der  Artbastarde 
gesagt  : 

"In  den  nach  der  Paarung  (der  Artbastarde  in  sich)  abgelogten 
Eiern  ent^vickelte  sich  meist  eine  ziemUche  Anzahl  Brut,  in  den  gunstigs- 
ten  Fallcn  schllipften  indess  nur  5-11  %  Raupchen  ans.  Eine  Auf- 
zucht  derselben  gluckte  in  keinem  einzigen  Falle." 

Hier  bei  unseren  Rassenmischhngen  haben  wir  jenem  Punkt  5 
entsprechend  zu  sagen  : 

Die  Eier  von  den  in  sich  copulierten  beiden  xiassenmischHngen 
lieferte  41-83  %  Raupen.  Von  diesen  Raupen  starb  indess  wahrend 
des  Heranwachsens  weitaus  die  Ueberzahl  anscheinend  aus  Mangel 
an  Lebensenergie  ab  und  von  den  bis  zur  Puppe  gelangten  4-14  % 
sind  die  meisten  bis  zu  zwerghaften  Dimensionen  verkiimmert. 

Hier  in  Punkt  5  Hegen  also  die  einzigen  namhaften  Unterschiede 
zwischen  den  genannten  Artbastarden  auf  der  einen  und  den  in  Frage 
kpmmenden  RassenmischUngen  auf  der  andern  Seite  vor. 

Erstens  ist  der  Procentsatz  an  Brut  von  den  in  sich  gepaarten 
MischUngen  ein  hoherer  als  von  den  in  sich  gepaarten  Bastarden. 

Zweitens  stirbt  die  Brut  der  letzteren  sehr  bald  ab,  wahrend  von 
der  Brut  der  Rassenmischlinge  ein  bescheidener  Procentsatz  bis  zum 
Puppenstadium  sich  entwickelte,  indess  uberwiegend  in  stark  ver- 
klimmerter  Form. 

Wie  es  mit  den  aus  diesen  Puppen  ausschlupfenden  *  Faltern  be- 
stellt  ist,  muss  erst  noch  ermittelt  werden. 

Somit  ist  als  Gesammtbefund  dièses  neuesten  Rassenkreuzungs- 
Experimentes  zu  constatieren  :  das  Ergebniss  dièses  Expérimentes 
ist  entweder  dem  Befunde  jener  oft  genannten  Artkreuzungen  gleich- 
wertig,  oder  es  unterscheidet  sich  doch  nur  graduel!,  quantitativ  von 
jenen  Resultaten. 

Weitere,  tiefere  Sprossen  der  Stufenleiter,  aber  in  ziemlichem 
Abstande   von   der   Sprosse,   auf   welcher   dièse   Smerinthus-Rassen 

'  Es  ist  schon  vorher  mitgeteilt,  dass  aus  der  Kreuzung  von: 

/populi  L.  cf  \<^ 

„  \populi  var.  austauti  Stgr.  $  / 

ipopuii  h.  (f  \ 

\populi  var.  austauti  Stgr.  $  /  ç 

bereits  ein  eigenartiger  Falter  ausschlûpfte,  welchen  die  Photographieen  in 
Fig.   135  von  der  Oberseite  vviedergeben. 

In  den  letzten  beiden  Nâchten  vom  12. /13.  VI,  u.  13. /14.  VI,  1907  schlûpften 
.noch  zwei  weitere  Falter  aus  der  gleiclien  Paarung  aus.  Es  handelt  sich  in  diesen 
um  sehr  kleine,  àusserlich  durchaus  normal  gestaltete  weibliche  Individuen, 
deren  Ovarien  klein,  verkiimmert  und  absolut  leer  sind. 
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stehen,    nehmen    die    genannten    beiden    Arctiiden    Paare    aus   den 
Gattungen  Spilosoma  und  Callimorpha  ein. 
Wir  kommen  zum  Schluss: 

1.  Die  untersuchten  Etappen  der  Differenzierung  von  Individuengruppen 
gewisser  Species  im  Sinne  der  Herausgestaltung  zu  gesonderten  Arten  zeigen, 
dass  dièse  Divergenzen  ganz  ailmâhlicli  erfolgen. 

2.  Dièse  Differenzierung  kann  der  Hauptsache  nach  nur  in  bestimmten, 
den  feinsten  inneren  Bau  der  Keimzellen  betreffenden  Modificationen  beruhen. 

3.  Die  innere  Constitution  dièses  Modifications-Processes  entzielit  sich  bisher 
unserer  Erkenntniss. 

4.  Die  abnormen  Erscheinungen  bei  der  Zeugung  und  bel  der  Entwickelung  ' 
der  Brut  gekreuzter,  in  Divergenz  begriffener  Individuengruppen  sind  lediglicli 
eine  Folge  jener  Modificationen. 

5.  Hand  in  Hand  mit  diesem  feinen  Umgestaltungsprocess  in  den  Keim- 
zellen gehen  grôbere  morphologische  Verânderungen  im  Baue  der  Keimdriisen 
und  ihrer  Appendices,  als  greifbarster  Index:  Unterschiede  der  âusseren 
Begattungsorgane. 

6.  Dièse  Differenzierungen  konnten  bisher  nur  zwischen  climatischen  Vari- 
etaten  im  Rahmen  gewisser  Arten  beobachtet  werden  und  zwar  bisher  nur  bei 
solchen  climatischen  Rassen,  deren  Fluggebiete  durch  natûrliche  Barriiren: 
Gebirge,  Meer,  etc.,  geschieden  sind. 

ZtJRiCH,  Juni,  1906. 

'  Mânnliche,  wie  weibliche  Keimdriisen  von  Artbastarden  aus  der  Gattung 
Smerinthus  sind  1906  und  1907  von  meinem  Assistenten  W.  Rôpke  eingehend 
macro-  und  microscopisch  untersucht  worden.  Die  Arbeit  wird  demnàchst 
erscheinen. 
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SECTION  L    ANIMAL  BEHAVIOR 

THE    IMPORTANCE    OF    COMPARATIVE    PSYCHOLOGY 
IN  THE   STUDY  OF  ORGANIC   EVOLUTION 

L.   T.   HOBHOUSE 

Comparative  Psychology  is  to  the  science  of  the  mind  miich 
what  Comparative  Morphology  is  in  the  science  of  organized  beings. 
Just  as  the  morphologist  examines,  describes  and  classifies  the  multi- 
farioiis  forms  assumed  by  a  given  physical  type,  so  the  comparative 
psychologist  in  his  mental  morphology  seeks  to  examine,  describe  and 
classify  the  manifold  expressions  of  mental  activity.  And  just  as  the 
morphologist  finds  a  deeper  significance  for  his  classificatory  arrange- 
ments in  the  genetic  connections  to  wliich  they  point,  so  also  the 
student  of  mind  seeks  for  a  principle  of  growth  whereby  he  may 
connect  the  forms  which  he  distinguishes.  The  suprême  aim  of 
Comparative  Psychology  in  short  is  to  trace  the  évolution  of  mind, 
just  as  the  suprême  aim  of  the  biological  sciences  for  the  last  half 
century  has  been  to  trace  the  évolution  of  organic  forms,  and  as  the 
workings  of  mind  and  body  are  at  every  point  intimately  related  it  is 
clear  that  in  the  end  thèse  two  branches  of  investigation  cannot 
remain  wholly  dissevered. 

Of  the  importance  of  Comparative  Psychology  to  the  philosophy 
of  Evolution  I  hâve  not  time  to  discuss  hère.  But  it  has  also  a  bear- 
ing  on  the  study  of  organic  life  for  its  own  sake,  on  the  science  of 
évolution  however  innocent  it  be  of  any  philosophy.  For  in  the  first 
place,  as  soon  as  intelligence  becomes  a  factor  in  organic  behavior 
the  study  of  structure  and  functions  is  not  complète  without  the 
study  of  intelligence.  The  whole  field  of  animal  behavior  teems  with 
complicated  questions  for  psychology.  Consider  for  example  the 
relations  between  reflex  action  and  instinct  and  the  question  whether 
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instinct  should  be  regarded  as  a  more  complicated  form  of  reflex 
activity  or  as  distinct  in  kind  rather  than  in  degree.  Consider  on 
the  other  side  the  relation  of  instinct  and  intelligence,  the  numerous 
instances  of  the  modification  of  hereditary  modes  and  behavior  by 
expérience,  the  effects  of  expérience  in  perfecting,  correcting  or  even 
reversing  the  original  impulses  of  an  animal.  Consider  the  bearing 
which  a  correct  analysis  and  a  just  apportionment  of  the  springs  of 
behavior  as  between  what  is  inherited  and  what  is  acquired  must 
hâve  upon  our  views  of  the  processes  by  which  instinct  is  generated. 
From  thèse  few  illustrations  which  spring  up  in  the  mind  as  one 
writes  it  is  easy  to  see  the  value  which  Comparative  Psychology  if 
adequately  developed  might  hâve  for  the  biological  view  of  évolution. 

There  are  moreover  certain  spécial  points  upon  which  I  woukl 
lay  stress.  The  object  of  the  evolutionist  is  to  establish  continuity, 
and  wherever  he  finds  gaps  separating  his  phenomena,  there  for  the 
moment  his  method  is  arrested.  Now  in  the  study  of  living  organisms 
there  are  on  the  face  of  the  facts  three  such  gaps  which  hâve  always 
given  pause  to  the  believers  in  continuons  development.  Thèse  are 
the  apparent  gaps  between  the  Inanimate  and  the  Animate,  between 
the  Unconscious  and  the  Conscious,  and  between  the  conscious 
animal  and  the  self-conscious  personality  of  man.  The  first  of  thèse 
does  not  perhaps  fall  within  the  province  of  Comparative  Psychology, 
but  the  second  and  the  third  are  within  its  sphère  of  influence,  and  if 
it  can  do  anything  to  bridge  them  over  it  w'ûl  clearly  be  doing  a 
service  to  the  theory  of  Evolution. 

What  then  has  Comparative  Psychology  to  say  upon  this  point? 
To  begin  wdth  —  it  has  something  to  say  about  the  method  of  ap- 
proaching  the  question.  If  we  take  a  conception  like  that  of  con- 
sciousness  and  seek  to  know  what  it  is,  so  to  say,  in  itself,  or  how  such 
a  thing  can  arise  out  of  something  completely  différent,  we  find  our- 
selves  in  an  impasse.  But  that  impasse  is  not  peculiar  to  the  présent 
case.  It  occurs  wherever  w^e  hâve  to  acknowledge  a  close  connection 
between  things  that  are  disparate  in  nature. 

The  solution  of  such  difficulties,  if  solution  there  be,  must  remain 
a  problem  for  philosophy.  But  for  science,  and  especially  for  the 
science  of  development,  there  remains  another  road  of  approach. 
Two  things  which  are  very  diflFerent  may  yet  under  some  spécial 
aspect  be  reducible  to  a  common  denominator,  and  by  measuring 
out  their  différences  along  such  a  denominator  the  relation  between 
them  becomes  defined.  This  principle  is  applicable  to  every  stage  in 
the  growth  of  conscious  intelligence.  In  tracing  this  growth  we 
encounter  more  than  one  change  which  may  fairly  be  said  to  introduce 
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a  différence  in  kind,  and  yet  ail  the  différences  are  reducihle  to  a 
common  denominator.  The  generic  function  of  conscious  intelligence 
is  to  integrate.  It  brings  the  diverse  éléments  of  past  expérience  to  a 
focus,  and  gives  them  a  bearing  upon  présent  action,  and  thereby  on 
the  future  history  of  the  organisai.  In  the  forecast  of  the  future  based 
on  knowledge  of  the  past,  the  expériences,  otherwise  scattered,  of 
différent  periods  and  phases  of  life,  are  brought  together  to  form  an 
intelligible  and  connected  whole.  This  intégration  is  nowhere  perfect, 
but  in  the  lowest  manifestations  of  intelligence  it  is  exceedingly 
rudimentary.  To  trace  the  successive  stages  of  its  growth  from  its 
first  émergence  onwards  is  not  indeed  to  know  what  consciousness  is 
"in  itself"  —  what  it  is  for  each  conscious  organism  —  but  it  is  to 
measure  the  development  of  consciousness  in  scope  and  power  by 
an  index  applicable  ail  along  the  line  and  thereby  to  render  possible 
systematic  comparison  and,  in  a  sensé,  measurement. 

Applying  this  standard  of  comparison  we  find  that  conscious 
intelligence  as  a  function  of  unity  undergoes  through  its  continuons 
process  of  growth  more  than  one  change  which,  if  it  took  place  at  a 
blow,  we  should  be  inclined  to  call  a  change  of  kind.  The  émergence 
of  the  rational  self-consciousness  which  is  taken  to  differentiate  the 
human  from  the  animal  mind  is  one  of  thèse  changes,  but  there  are, 
at  least  in  the  judgment  of  the  présent  writer,  other  changes  of  at 
least  equal  value  occurring  within  the  scale  of  animal  development, 
and  again  at  a  later  stage  within  the  process  of  human  history.  More- 
over  for  Comparative  Psychology  such  conceptions  as  Self-conscious- 
ness or  as  Reason  are  not  beyond  the  reach  of  Analysis.  They  are 
resolvable  into  certain  factors  —  at  bottom  certain  complex  methods 
of  the  organization  of  expérience  —  which  are  readily  conceivable 
as  the  development  of  psychological  and  social  forces  already  at 
work  in  the  animal  world.  We  do  not  know  with  certainty  the 
détails  of  the  actual  development,  because  we  hâve  no  records  of  the 
life  of  the  earliest  men,  and  in  particular  we  hâve  no  distinct  means 
of  knowing  the  first  stage  in  the  formation  of  language,  which  is 
probably  the  most  important  factor  in  the  whole  transition.  But 
so  far  as  thèse  gaps  in  our  information  go  we  are  in  no  worse  a  posi- 
tion than  the  morphologist  when  confronted  with  a  gap  in  the  geo- 
logical  record.  If  the  zoôlogist  can  prove  the  descent  of  man  from 
the  animal.  Comparative  Psychology  can  show  that  the  mental 
différence  which  séparâtes  man  from  the  brute,  though  great  enough 
to  be  justly  regarded  as  establishing  a  change  of  kind,  yet  involves 
no  mysterious  and  exampled  leap  on  the  part  of  nature,  but  is  trace- 
able  to  the  simultaneous  growth  and  combined  opération  of  factors, 
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ail  of  which  may  be  recognized  as  already  in  opération  in  the  lower 
stage. 

If  the  transition  from  the  conscious  to  the  self-conscious  can  be 
explained  in  terms  of  a  continuons  development,  can  the  same  be  said 
of  the  genesis  of  consciousness  itself?  If  the  question  is  to  be  ap- 
proached  at  ail  with  any  hope  of  fruitful  results,  it  must  be  by  adher- 
ing  very  rigidly  to  the  comparatively  narrow  meaning  which  we  hâve 
given  to  it.  We  must  sacrifice  the  attempt  to  grasp  the  whole  nature 
of  consciousness  for  the  sake  of  formulating  so  much  of  its  behavior 
as  is  susceptible  of  exact  and  comparable  observation.  We  may 
debate  forever  whether  a  given  organism  of  low  order  possesses  a 
consciousness  like  ours,  because  we  cannot  see  inside  it.  But  we  can 
see  how  it  acts,  and  on  the  analogy  of  the  actions  that  are  undoubtedly 
accompanied  —  I  would  say  determined  —  by  consciousness  we  can 
class  certain  acts  as  conscious,  others  as  unconscious,  and  we  can  at 
least  hope  to  see  where  precisely  the  différence  comes  in  and  whether 
any  transition  can  be  suggested  whereby  it  could  be  bridged. 

Now  consciousness  is  generally  held  to  be  shown  in  the  capacity  to 
learn  by  expérience.  When,  for  instance,  one  of  Principal  Lloyd 
]\Iorgan's  newly  liatched  chicks  learns  after  one  or  two  trials  to  refrain 
from  pecking  at  a  pièce  of  bitter  orange  peel,  its  behavior  is  so  clearly 
in  line  with  what  is  afterwards  known  as  inference,  that  we  hâve  no 
reason  to  deny  it  the  name  of  intelligence,  though  it  is  intelligence 
at  a  very  low  stage.  The  point  hère  is  not  merely  that  the  creature's 
behavior  is  modifîed  by  expérience,  but  that  thé  modification  is  of 
the  inferential  type.  It  is  just  what  it  would  hâve  been  in  the  case 
of  a  human  being  able  to  formidate  as  the  resuit  of  his  expérience 
the  generalization  "orange  peel  is  bitter."  We  may  speak  of  any 
modification  as  being  of  the  inferential  type  when  it  is  capable  of 
being  formulated  in  such  terms  as  thèse,  although  we  do  not  suppose 
that  the  organism  which  undergoes  the  modification  is  capable  of 
so  formulating  it.  In  the  simplest  modification  of  this  t^'pe,  as  in  the 
case  quoted,  it  is  natural  to  conceive  the  process  roughly  as  follows: 
We  hâve  first  a  sensé  perception  (e.  g.  of  the  orange  peel)  ;  then  an 
impulse  to  peck  it,  and  then  as  a  resuit  a  disagreeable  feeling.  Here- 
after  the  same  sensé  perception  fails  to  produce  the  impulse,  or  if  the 
impulse  is  partly  formed  it  is  checked.  This  check  is  the  permanent 
effect  left  on  the  nervous  mechanism  by  the  original  feeling.  To  state 
fully  the  grounds  which  apparently  justify  this  account  would  take 
me  beyond  my  limits.    I  must  be  allowed,  for  the  sake  of  argument, 

1  For  an  attempt  to  work  out  the  transition  in  détail  I  may  be  allowed  to 
refer  to  my  work  on  Mind  in  Evolution. 
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to  assume  it  to  be  sufficiently  correct  for  the  rougli  description  that 
we  require,  and  I  hâve  then  to  point  out  tluit  it  assumes  (1)  a  feeling 
supervening  upon  an  action,  and  (2)  the  guidance  of  subséquent 
action  by  the  relation  thus  experienced.  This  is  what  is  meant  by 
calHng  it  a  modification  of  the  inferential  type.  There  are  other 
modifications  in  which  feeling  and  the  relation  of  feeling  to  antécédent 
action  does  not  seem  to  play  such  a  part.  For  our  whole  physical 
organism  is  more  or  less  modifiable  by  what  it  expériences,  but  feeling 
does  not  always  play  a  part,  so  far  as  we  can  see,  in  such  modification. 
For  example,  one  of  my  muscles  may  be  strengthened  by  fréquent 
use  of  a  limb.  That  is  a  modification,  but  it  is  not  due  to  any  feelings 
of  pleasure  or  pain  arising  out  of  the  use  of  the  limb,  but  to  certain 
nerve  reactions  governing  nutrition.  Our  sensé  organs  and  our  motor 
machinery  again  improve  by  practice  in  whatever  we  set  them  to  do, 
not  merely  because  certain  adjustments  give  us  more  satisfaction,  but 
also  it  would  seem  by  a  more  unconscious  process.  The  mère  per- 
formance of  a  function  by  an  organ  tends  to  dispose  that  organ  to 
the  readier  and  more  complète  performance  of  the  same  function  on  a 
subséquent  occasion. 

We  may  think  I  infer  that  those  modifications  of  behavior  by 
expérience  in  wdiich  we  impute  consciousness  are  a  spécial  case  of 
the  wider  and  more  gênerai  modifiability  which  is  perhaps  a  univer- 
sal  characteristic  of  organic  life,  and  in  which  consciousness  is  not 
necessarily  to  be  supposed.  That  is  to  say,  we  are  already  able  to  treat 
consciousness  from  our  point  of  view  as  a  spécial  case  of  a  genus. 
We  hâve  reduced  it  to  a  common  denominator  with  organic  processes 
that  we  do  not  suppose  to  be  conscious  —  adaptabilit}^  to  new  condi- 
tions under  the  influence  of  expérience  being  the  covering  concep- 
tion. But  we  may  carry  the  matter  at  least  one  step  further.  The 
mode  of  learning  by  expérience  that  we  hâve  described  as  being  of 
the  "inferential  type"  postulâtes  the  co-operation  of  two  factors. 
There  is  the  feeling  that  accompanies  the  original  action,  and  there  is 
the  modification  of  subséquent  behavior  taken  to  be  the  eflFect  of  that 
feeling.  Now  there  is  some  psychological  ground  for  suggesting  that 
the  feeling  itself  is  the  mental  équivalent  of  the  motor  recoil  ^  upon  a 
certain  perception,  —  the  contact  of  orange  peel  with  the  bill  in  our 
instance.  There  are  also  some  reasons  for  thinking  that  this  recoil  is 
in  the  lowest  stage  temporary  and  only  acquires  a  permanent  in- 
hibitory  effect  by  slow  degrees.     If  that  is  so,  we  hâve  a  stage  of 

^  To  dismiss  what  is  really  cause  and  what  effect  would  be  a  long  business 
which  I  must  beg  off  on  this  occasion.  I  suspect  that  at  this  rudimentary  stage 
neither  term  is  precisely  appropriate. 
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feeling,  that  is  of  consciousness,  below  the  level  at  which  there  is  any 
regular  learning  by  expérience.  But  if  this  is  so,  it  is  a  sound  evolu- 
tionary  maxim  to  ask  what  function  consciousness  can  perform  at 
this  level  to  justify,  so  to  say,  its  appearance.  The  answer  is  partly 
suggested  by  the  instance  considered.  Feeling  would  be  the  means 
of  swiftly  inhibiting  action  of  the  kind  that  is  generally  pernicious, 
and  though  its  lessons  might  not  be  permanent,  still  the  mère 
rapidity  of  recoil  in  each  case  —  or  conversely  the  encouraged  and 
therefore  more  persistent  application  —  might  be  of  value. 

Hère  we  seem  to  get  close  to  the  beginning  of  consciousness,  at 
least  to  the  lowest  limit  at  which  its  opération  can  be  distinguished. 
As  long  as  action  is  fixedly  determined  by  a  meclianism  which  the 
organism  inherits  from  its  parents,  there  is  no  reason  for  imputing  to 
consciousness,  intelligence,  or  purpose  any  share  in  the  business.  A 
séries  of  reflex  actions  may  be  adjusted  to  the  normal  circumstances 
of  the  organism  with  high  précision  and  a  considérable  complexity, 
and  yet  there  may  be  no  reason  to  suppose  a  conscious  intelligence  at 
work  in  them.  There  may  even  be  defînite  reason  for  a  contrary  view. 
But  as  soon  as  we  get  some  fresh  and  uniciue  adjustment  of  action, 
such  as  to  préserve  the  normal  balance  of  the  organism  in  a  given 
situation,  where  the  normal  reflex  is  not  sufficient  for  the  purpose, 
then  we  get  a  new  function  of  unity,  a  fresh  unification  of  action,  and 
in  this  I  think  w^e  may  recognize  the  beginning  of  consciousness.  At 
least  whenever  we  see  this  unique  adjustment  w^e  are  tempted  to 
impute  consciousness.  Thus  in  a  well-known  experiment  —  as  long 
as  a  headiess  frog  wipes  away  a  drop  of  acid  by  the  normal  motion  we 
are  content  to  regard  the  whole  process  as  mechanical,  but  as  soon  as 
an  impediment  to  the  process  compels  the  frog  to  use  the  otherleg 
we  begin  to  ask  ourselves  w^iether  we  must  not  overcome  our  préju- 
dices in  favor  of  brains  and  allow  a  tiny  dose  of  consciousness  to  a 
headiess  amphibian. 

I  do  not  prétend  to  décide  the  particular  case,  but  I  think  it  is 
a  tenable  hypothesis  that  the  lowest  stage  of  consciousness  is  the 
momentary  feeling  evidenced  in  the  novel  or  spécial  adjustment  to 
the  situation  in  which  the  organism  is  placed  as  contrasted  with  the 
routine  response  in  accordance  with  inherited  modes  of  action.  This 
spécial  adjustment  is  a  form  of  the  corrélation  of  action  with  resuit 
out  of  which,  as  has  been  shown,  modifications  of  the  inferential  type 
may  be  conceived  to  arise,  and  from  thèse  rudimentary  inferences  in 
turn  grows  that  corrélation  of  expériences  and  purpose  which  is  the 
spécial  work  of  intelligence.  On  the  other  hand  the  co-ordination  of 
actions  cfî'ected  by  feeling  is  but  a  spécial  case  of  the  adaptability  of 
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organized  beings  in  gênerai.  Outside  the  sphère  of  conscious  intelli- 
gence organic  substance  is  still  modified  by  what  it  expériences  in 
relation  to  its  environment,  and  so  modified  as  to  adapt  itself  better 
to  the  conditions  of  its  environment,  and  this  formula  might  still  be 
applied  as  the  wider  principle  underlying  the  work  of  ail  intelligence. 
The  very  réflexes  which  we  contrast  with  intelligent  action  grow  up 
through  an  indirect  action  of  the  same  kind.  For  it  is  the  nature  of 
the  environment  which  détermines  the  élimination  of  the  unfit,  and 
this  indirectly  fosters  the  suitable  response;  and  it  is  the  plasticity  of 
the  hereditary  substance  which  enables  successive  générations  to 
grow  into  the  form  which  the  conditions  of  survival  require.  Thus 
if  the  émergence  of  consciousness  is  a  new  fact  of  fundamental  import 
in  évolution  it  is  still  a  phase  in  a  process  of  corrélation  or  intégration, 
and  for  the  evolutionist  it  is  to  be  understood  by  relation  to  the 
function  which  it  performs  in  this  process. 

Hence  if  I  am  right  neither  the  rise  of  self-consciousness  nor  that 
of  consciousness  constitutes  a  break  in  the  continuity  of  development. 
They  in  volve  an  élément  of  mystery,  as  ail  processes  of  causation 
when  probed  to  their  depths  involve  an  élément  of  mystery.  But  they 
do  not  involve  a  solution  of  continuity.  They  introduce  changes  of 
kind,  but  not  such  changes  of  kind  as  are  incompatible  with  develop- 
ment. Rather  they  are  to  be  conceived  by  the  evolutionist  as  two  of 
the  décisive  phases  in  that  single  process  of  intégration  or  the  forma- 
tion of  cosmos  out  of  chaos  which  constitutes  the  sum  total  of  ortho- 
genic  évolution. 


BEHAVIOR   OF   TUBICOLOUS   ORGANISMS 
C.  W.  HARGITT 

The  impulse  which  has  been  given  to  observation  and  research  on 
animal  activities  and  habits  by  the  tropism  conception  of  behavior, 
and  the  results  which  hâve  been  achieved,  are  too  well  known  to  call 
for  spécial  remark. 

It  is  the  purpose  of  this  paper  to  présent  a  siimmary  of  certain  as- 
pects of  beha^^o^  exhibited  by  a  few  tube-dwelling  organisms  which 
hâve  been  iinder  observation  by  the  writer  from  time  to  time  during 
the  past  three  or  four  years.  Thèse  organisms,  comprising  several 
species  of  actinians  and  annelids,  hâve,  of  course,  little  in  common 
aside  from  certain  modes  of  life  and  certain  aspects  of  behavior; 
but  thèse  make  it  both  convenient  and  pertinent  to  consider  them 
together. 

I.  Tube-dwelling  Anémones.  —  It  is  very  well  known  that 
several  species  of  anémones,  representing  several  gênera  and  families, 
hâve  the  habit  of  either  burrowing  in  the  sand,  or  secreting  themselves 
under  stones  or  in  cre vices  where  they  live  in  more  or  less  seclusion, 
rarely  being  seen  by  the  ordinary  observer.  j\Iost  of  those  which 
burrow  in  sand  or  mud  usually  line  thèse  tube-like  structures  with  a 
sécrétion  of  slime  and  nemotocysts,  the  outer  portion  becoming  more 
or  less  hardened  in  many  case^  by  accretions  of  sand  or  other  foreign 
matter.  Within  thèse  burrows  the  occupants  live  more  or  less  perma- 
nently,  as  in  the  case  of  Cerianthus,  or  perhaps  only  temporarily,  as 
with  certain  species  of  Edwardsia  and  Halcampa,  and  probably 
Sagartia.  The  beha\dor  of  some  of  thèse,  in  the  laboratory,  led  to 
certain  more  or  less  extended  observations,  both  under  natural  and 
artiiîcial  surroundings,  some  account  of  which  has  already  been  pub- 
lished.    This  portion  of  the  présent  report  will  therefore  be  very  brief. 

Loeb  was  the  first,  I  believe,  to  apply  the  tropism  explanation  to 
the  reactions  of  thèse  organisms.  The  tube-dwelling  habit  of  Cerian- 
thus he  attributed  to  definite  tropic  factors.  "Positive  geotropism  and 
positive  stereotropism  cause  the  Cerianthi  to  burrow  in  the  sand  verti- 
cally,  and  positive  geotropism  keeps  them  permanently  in  the  burrow" 
{Physiology  of  Brain,  p.  561). 

It  was  with  a  view  to  test  the  application  of  this  explanation  to  the 
behavior  of  other  actinians  that  my  observations  were  undertaken. 
Concerning  the  reactions  of  Cerianthus  I  hâve  not  been  able  to  make 
any  observations.  But  several  other  species  hâve  been  available  hav- 
ing  habits  so  similar  that  it  may  be  presumed  they  will  show^  more  or 
less  similarity  of  behavior. 
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The  following  species,  ail  inhabiting  burrows,  hâve  been  studied  : 
Eloactis  (Halcampa)  producta,  Sagartia  modesta,  Edwardsia  elegans. 
The  fîrst  two  I  hâve  previousiy  described  {Biol.  Bull.,  Vol.  XII.,  1907). 
During  the  présent  summer  the  last  species  has  been  under  similar  ex- 
periraent  and  observation.  It  is  only  necessary  to  state  that  in  almost 
every  détail  of  behavior  this  species  has  confirmed  that  of  the  other 
species.  That  is,  in  their  burrowing  activities  and  reactions  to  photic 
stimuli  they  behave  in  almost  identically  the  same  way  as  do  species  of 
Eloactis  and  Sagartia.  Some  spécimens  burrow  very  promptly,  while 
others  are  varyingly  slow  and  uncertain  in  this  reaction.  They  émerge 
from  the  burrows  at  night  and  frequently  construct  new  burrows. 
Whether  this  reaction  occurs  in  nature  I  am  not  prepared  to  say. 
Again,  whether  they  thus  émerge  in  quest  of  food  and  are  then  unable 
to  return  to  the  old  burrow,  or  whether  it  be  due  to  some  entirely 
différent  cause  is  open  to  doubt.  From  its  frequency  at  night,  and 
the  trails  left  on  the  surface  of  the  sand,  it  would  seem  to  be  rather 
probable  that  this  behavior  is  more  or  less  common.  The  response 
to  photic  stimulus  is  quite  as  marked  as  in  the  other  species  under 
review.  If  placed  under  a  dark  chamber,  and  left  for  about  thirty 
minutes  or  over,  there  is  almost  always  a  prompt  response  by  a  pro- 
trusion  from  the  burrow  of  nearly  half  the  body  and  a  wide  expan- 
sion of  the  tentacles.  Occasionally  a  spécimen  will  émerge  entirely 
from  the  burrow  during  this  experiment,  though  this  is  not  usual 
unless  after  prolonged  exposure  to  the  darkness.  It  should  also  be 
noted  that  the  experiment  is  usually  more  prompt  and  striking  during 
the  middle  or  latter  part  of  the  day.  In  the  early  morning  they  seem 
less  responsive  than  later  in  the  day,  which  is  only  what  might  naturally 
be  expected. 

The  following  conclusions  are  suggested  :  1.  While  the  position  in 
the  burrow  is  more  or  less  vertical,  it  is  not  invariably  so,  and  there  is 
no  convincing  évidence  that  geotropism  is  the  determining  factor  in 
the  matter.  2.  While  contact  with  the  sand  of  the  aquarium  is  usually 
foUowed  by  the  burrowing  reaction,  this  is  not  invariably  the  case, 
nor  are  the  reactions  such  as  to  suggest  the  dominance  of  any  single 
influence.  Some  spécimens  burrow  promptly,  others  tardily,  others  not 
at  ail  or  only  after  several  days.  Some  spécimens  accomplish  the 
opération  speedily,  others  indifîerently,  showing  a  wide  range  of  indi- 
vidual  aptitude.  Hère  again  it  may  be  doubted  whether  either  geo- 
tropism or  stereotropism  has  any  considérable  influence  in  the  habit. 
3.  That  light  is  of  more  importance  than  either  of  the  former,  or 
both  combined,  seems  to  me  almost  certain.  Furthermore,  I  am  more 
than  ever  convinced  that  thèse  several  aspects  of  behavior  hâve  their 
efficient  causes  and  explanations  in  certain  physiological  conditions 
of  adaptation,  differing  under  varying  circumstances  and  individual 
necessities. 

II.    Tube-dwelling    Annelids.  —  In    two    previous    communi- 
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cations  I  hâve  pointed  out  certain  aspects  of  behavior  exhibited  by 
several  species  of  tubicolous  annelids,  chiefly  Hydroides  dianthiis, 
Potamila  oculijera,  and  to  a  less  extent  a  species  of  Protula  studied  at 
Naples.  My  more  récent  observations  hâve  had  to  do  with:  (1)  be- 
havior under  natural  conditions;  (2)  modifiabihty  of  behavior 
under  changed  conditions;  (3)  individual  pecuHarities  of  behavior; 
(4)  aspects  of  behavior  revealed  in  the  ontogenetic  history  of  the 
tubes. 

Concerning  the  first,  Httle  need  be  said  beyond  the  mère  statement 
that  it  seemed  of  some  importance  in  order  to  assure  trustworthy  re- 
sults,  that  some  observations  be  made  of  the  more  fundamental  fea- 
tures  of  behavior  as  they  occur  in  nature.  It  seems  ahogether  probable 
that  certain  of  our  expérimental  results  obtained  from  animais  in 
aquaria,  cages,  finger-bowls,  etc.,  may  be  more  or  less  misleading,  not 
to  sav  erroneous.  In  the  présent  case  it  lias  been  possible  to  eliminate 
more  than  one  such  error  by  just  this  mode  of  control.  For  example, 
it  has  been  found  that  the  reactions  of  spécimens  taken  from  deeper 
waters  difïer  in  certain  points  from  those  taken  along  shore  Unes  or 
shallow  habitats.  And  furtherraore,  that  spécimens  from  rocky 
bottoms  show  important  contrasts  as  compared  with  those  from  muddy 
bottoms. 

Modifiahility  of  Behavior.  —  In  a  previous  paper  it  has  been 
pointed  out  that  certain  reactions  could  be  modified  by  changing  con- 
ditions relative  to  respiration,  etc.  It  has  also  been  observed,  as  al- 
ready  intimated,  that  the  behavior  of  Hydroides  is  différent  in  several 
respects  as  one  studies  it  in  tide  pools  or  along  exposed  beaches  or  on 
piles  of  docks.  The  aspects  of  the  tubes,  their  modes  of  growth,  and 
the  reactions  of  the  occupants  under  varions  tests  express  modes  of 
behavior  indicative  of  variability  of  reaction  under  changed  environ- 
ment  to  a  marked  degree.  This  is  further  evinced  in  the  facts  men- 
tioned  in  a  previous  paper,  to  the  efïect  that  under  experiments  liable 
to  involve  any  measure  of  injury,  such  as  clipping  off  bits  of  the  gills, 
marked  changes  of  reaction  are  induced,  showing  that  the  arganism 
as  a  ivhole  acts  and  reacts  in  an  orderly  and  co-ordinating  manner  and 
not  in  simple  réflexes. 

Individuality  of  Behavior.  —  This  has  already  been  suggested  in 
the  preceding  section.  It  remains,  however,  to  point  out  certain  more 
particular  features  of  this  matter.  For  example,  a  glance  at  the  tables 
will  show  that,  while  there  are  gênerai  features  of  behavior  more  or 
less  common  to  ail,  there  are  spécial  différences  peculiar  to  individuals, 
such  as  reaction  time,  tendency  to  withdraw  into  the  tubes,  an  extrême 
measure  of  caution  or  timidity  (to  indulge  in  an  anthropomorphic 
phrase)  in  behavior,  etc.  In  thèse  and  many  other  features  one  is 
deeply  impressed  with  the  conviction  that  thèse  créatures  are  endowed 
with  individual  traits  and  peculiarities  of  no  mean  order,  and  that 
their  behavior  is  no  mère  "jack-in-the-box"  performance,  struck  ofî 
by  some  tropic   spring,  but  is  rather    the    expression  of   definitely 
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co-ordinated    and    correlated    physiological   processes,  intrinsic  and 
individual. 

Tables  showing  Various  Aspects  of  Response  to  Shadow  Tests 


I. 

II. 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

A. 

B. 

C. 

D. 

E. 

A. 

B. 

C. 

D. 

E. 

+  6 
+  5 
+  10 
+  9 
+  9 
+  S 

+  10 

+  8 
+  8 
+  9 

+  8 

+  13 
+  15 
+  10 
+  10 

+  7 
+  8 

+  7 
+  9 
+  10 
+  10 
+  15 
+  8 

+  10 

+  10 
+  9 
+  9 

+  8 

+  15 
+  15 

+  12 
+  12 

+  12 

+  7 
+  16 
+  15 
+  15 

+  15 
+  10 

+  10 
+  10 
+  10 
+  16 

+  10 

+  15 
+  20 
+  12 
+  15 
+  12 

+  8 
+  16 
+  15 
+  15 

+  25 
+  10 

+  20 
+  10 
+  16 

+  10 

+  15 
+  20 

+  20 

+  6 
+  5 

+  5 
+  6 

+  6 
+  60 
+  6 
+  5 
+  20 

+  6 
+  5 

—12 
+  15 
+  12 
+  12 
+  6 

+  10 
+  11 

•  +  5 

+  7 

— 

—  " 

— 

— 

III. 

IV. 

V. 

F. 

G. 

F. 

G. 

F. 

H. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

+  40 
+  30 
+  30 
+  32 
+  60 
+  45 
+  120 

+  300 
+  40 
+  30 
+  180 
+  43 
+  180 
+  75 
+  75 
+  470 
+  50 
+  60 
+  150 

+  360 
+  60 
+  180 
+  60 
+  50 
+  50 
+  90 
+  60 
+  35 
+  170 
+  300 
+  60 
+  90 
+  105 
+  90 
+  130 
+  150 
+  150 
+  225 
+  90 

+  15 
+  10 
+  12 
+  10 
+  18 
+  15 
+  12 
+  13 

+  15 
+  12 
+  45 
+  75 
+  20 
+  20 
+  12 

+  15 
+  11 

+  18 

+  20 
+  30 
+  45 
+  33 
+  45 
+  50 
+  35 
+  80 
+  100 
+  40 
+  110 
+  90 
+  15 
+  90 
+  90 
+  105 
+  80 
+  85 
+  45 

+  18 
+  15 
+  14 
+  18 
+  11 
+  15 
+  10 
+  10 
+  15 
+  10 
+  13 
+  15 
+  14 
+  11 
+  10 
+  12 
+  10 
+  9 
+  8 
+  8 

+  13 
+  15 
+  15 
+  15 
+  9 
+  9 
+  10 
+  10 
+  20 
+  10 
+  13 
+  12 
+  10 
+  8 
+  20 
+  12 
+  10 
+  12 
+  12 
+  9 

The  tables  présent  a  very  few  of  numerous  tests  made  during  the  course  of  the 
observations  in  order  to  ascertain  whether  in  their  responses  to  stimuli  of  varying 
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Evidence  of  the  Tubes.  —  Loeb  has  laid  particular  stress  on  the 
behavior  of  certain  annelids,  Spirographis  and  Hydroides,  in  response 
to  light.  One  of  thèse,  Spirographis,  occupies  a  flexible  tube  and  is 
therefore  able  to  react  directly  to  light  miich  as  a  plant  ;  while  the  other 
having  a  calcareous  tube  is  unable  to  thus  act.  According  to  Loeb's 
experiments  both  thèse  worms  behaved  in  a  manner  quite  comparable 
to  that  of  plants.  While  I  hâve  not  been  able  to  study  thèse  particular 
species,  those  herein  concerned  are  so  very  sirailar  that  one  can  closely 
duplicate  the  experiments.  As  is  well  known,  Potamilla  occupies  a 
flexible  tube,  probably  very  similar  to  that  of  Spirographis,  and  cer- 
tainly  sufficiently  flexible  to  easily  yield  to  the  inclination  of  the  head 
or  body  of  the  worm.  Now  this  species  as  one  normally  takes  it  shows, 
no  évidence  of  heliotropism,  its  tubes  protruding  from  a  given  base  of 
attachment  in  ail  directions.  Furthermore,  I  hâve  kept  colonies  of 
thèse  worms  in  aquaria  before  a  window  for  days,  or  even  weeks,  at  a 
time  without  being  able  to  detect  any  clear  évidence  of  photic  response. 

But  whatever  might,  or  might  not  be  the  case  with  créatures  of  this 
type,  or  however  one  might  interpret  their  behavior,  the  case  is  very 
différent  with  species  like  Hydroides,  whicli  live  in  calcareous  tubes. 
Hère  the  animal,  at  every  stage  of  its  growth,  leaves  an  absolutely 
permanent  and  unmistakable  record  of  its  behavior  in  the  calcareous 
tubes  within  which  its  life  is  spent.  In  thèse  tubes  the  créature  has,  as 
it  were,  literally  lithographed  an  autobiography  of  its  beha^^or  as 
certain  and  enduring  as  those  of  fossil  brachiopods.  While  of  their 
bodily  activities  there  may  be  room  for  differing  interprétations,  this  is 
whoUy  precluded  in  the  unchangeable  records  of  thèse  calcareous 
sécrétions,  wherein  are  expressed  in  no  uncertain  phrase  the  varying 
moods  of  individuality  and  spontaneity.  A  glance  at  a  colony  of  thèse 
tubes  will  easily  convince  one  that  no  single  force  has  determined  their 
location  or  modes  of  growth,  which  are  but  so  many  expressions  of 
behavior. 

But  this  is  not  the  whole  story.  As  already  pointed  out,  important 
différences  are  shown  in  spécimens  from  varying  habitats.    For  ex- 

light  intensity  thèse  créatures  behaved  in  conformity  with  the  gênerai  tropism 
hypothesis. 

In  tables  I  and  II  are  shown  the  behavior  of  five  individuals  of  Hydroides 
dianthus  from  two  différent  habitats,  namely,  those  of  I  being  from  the  shallow 
waters  of  tide  pools,  etc.,  while  those  of  II  were  taken  from  a  depth  of  from  7  to 
10  fathoms.  The  test  used  was  that  of  the  shadow,  or  sudden  diminution  of  liglit, 
as  explained  in  a  former  paper,  and  in  the  two  cases  the  spécimens  were  placed 
under  identical  conditions  of  light,  température,  etc. 

In  tables  III  and  IV  are  given  the  reactions  of  two  individuals  F  and  G  made 
under  identical  conditions,  at  10  a.  m.  and  2  p.  m.  In  table  V  are  shown  the 
reactions  of  two  spécimens,  F  of  the  former  and  H  a  new  spécimen,  made  the 
following  day  at  3  p.  m. 

The  signs  plus  and  minus  indicate  positive  and  négative  reactions;  that  is, 
definite  response  by  withdrawing  into  the  tube,  or  failure  to  respond.  The 
figures  in  each  case  indicate  the  time  in  seconds  intervening  after  the  response 
before  the  spécimen  protruded  again  from  the  tube. 
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ample,  colonies  from  shore  Unes  where  they  are  subject  to  the  swash 
of  waves  or  pounding  surf  never  show  the  upright  or  free  tubes  of  colo- 
nies from  deeper  or  quieter  waters.  In  the  former  the  tubes  are  always 
closely  applied  to  the  substratum  and  even  flattened  on  the  side  of 
contact  to  afîord  larger  adhesive  surface.  Again,  spécimens  frequent- 
ing  muddy  bottoms,  such  as  river  mouths,  or  ponds,  are  inclined  to  the 
erect  habit,  thus  rising  above  the  mud  or  other  menace.  When  kept 
in  the  laboratory,  and  this  has  been  done  for  weeks  at  a  time,  and 
variously  disposed  as  to  light,  there  could  not  be  detected  the  slightest 
e\àdence  of  any  heliotropic  response,  though  during  this  time  tubes  had 
grown  five  to  ten  mm.  in  length.  As  shown  in  a  former  paper,  almost 
every  possible  aspect  of  direction  is  portrayed,  upward,  downward, 
sidewise,  coiled  upon  themselves  in  every  possible  fashion.  Thèse 
facts,  taken  in  connection  with  those  of  the  widely  variable  habitats 
of  the  organisms  constitute  a  more  or  less  formidable  obstacle  to  the 
application  of  the  tropism  hypothesis.  For  example,  spécimens  are 
found  occupying  such  widely  différent  situations  as  rocks,  dead  shells, 
Hving  shells  of  snails,  the  meshes  of  nets  used  in  fish-traps,  etc. 

It  seems  to  me  the  facts  herein  cited  ail  but  compel  the  conclusion 
that  neither  one  tropic  factor,  nor  indeed  any  covihination  or  con- 
spiracy  of  tropisms,  positive  or  négative,  afîord  adéquate  explanation 
of  the  behavior  concerned.  There  is  at  every  stage  an  expression  of 
spontaneity  and  individuality  indicative  in  part  of  definite  and  meas- 
urable  adaptation,  and  in  part,  perhaps,  of  intrinsic  physiological 
conditions  the  ultimate  nature  of  which  Hes  deep  in  uncertainty. 


THE   LIMITS   OF  EDUCABILITY    OF   PARAMECIUM^ 

(Abstract) 
STEVENSON  SMITH 

I.  Reactions  to  Touch.  —  A  capillary  tube  was  selected  of  a  bore 
smaller  than  the  length  of  the  parameciiim  and  larger  than  his  width. 
The  animal  was  caiight  by  the  upward  suction  of  the  tube,  and  the 
tube  was  then  placed  on  a  movable  carriage,  so  that  the  animal  could 
always  be  kept  in  the  field  of  the  microscope  no  matter  what  part  of 
the  tube  he  might  be  swimming  through. 

Once  in  the  tube  the  paramecium  usually  swims  to  tïie  forward 
end,  and  upon  reaching  the  meniscus  jerks  backward  for  several 
times  his  own  length,  then  approaches  again  in  a  wider  spiral  than 
before.  This  backing  and  approaching  takes  place  as  many  as  a 
dozen  times,  and  later  the  paramecium  settles  down  to  a  pecking 
motion  around  the  meniscus,  attacking  about  five  places  in  its  cir- 
cumference,  or  else  swims  rapidly  around  the  meniscus  without  any 
pause  in  its  movement.  The  animal's  rotation  is  usually  screwwise, 
in  which  case  the  buccal  groove  is  pressed  against  the  rounded  sur- 
face of  the  meniscus,  but  it  is  sometimes  anti-screwwise,  in  which 
case  the  buccal  groove  is  pressed  against  the  side  of  the  tube. 

In  the  original  approaching  and  retreating  both  movements  may 
be  either  screwwise .  or  anti-screwwise.  In  approaching,  both  the 
screwwise  and  anti-screwwise  movements  give  about  the  same  width 
of  spiral,  namely,  a  very  slight  one.  If  the  retreat  is  made  screw- 
wise a  very  wide  spiral  results.  If  the  retreat  is  anti-screwwise  a  rel- 
atively  straight  course  is  followed,  the  spiral  being  hardly  noticeable. 

In  most  cases  the  animal  after  a  varying  time  bends  his  anterior 
end  around  toward  the  aboral  side,  forming  a  "U"  with  his  body, 
and  after  a  number  of  jerks  succeeds  in  reversing  the  position  of  his 
body  in  the  tube.  In  ail  cases  he  turns  toward  the  aboral  side,  thus 
using  the  long  creeping  cilia  near  the  buccal  groove  to  obtain  a  hold 
on  the  side  of  the  tube. 

The  most  significant  resuit  obtained  in  this  séries  of  experiments 
is  this  :  With  practice  the  time  of  turning  is  reduced. 

If  a  tube  of  very  small  bore  is  used  the  turning  time  is  not  reduced, 
the  intervais  between  the  turns  being  longer.     This  we  naturally 

1  Jour.  Cong.  1908. 
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interpret  as  a  modification  of  behavior  due  to  fatigue.  If,  how- 
ever,  a  tube  is  selected  of  a  bore  only  a  little  less  than  the  lengtli  of 
the  paramecium  the  intervais  between  turns  may  be  reduced  from 
five  minutes,  or  more,  at  first,  to  as  little  time  as  is  necessary  for  the 
animal  to  swim  from  one  end  of  the  tube  to  the  other,  as  he  turns 
almost  at  once  on  reaching  the  end. 

An  interesting  characteristic  of  this  reaction  is  that  the  paramecium 
reverses  nearly  always  in  the  horizontal  plane.  In  order  to  détermine 
whether  he  could  reverse  easily  in  the  vertical  plane  a  trough  was 
constructed  the  vertical  sides  of  which  were  too  near  together  to  per- 
mit of  his  turning  in  the  horizontal  plane.  There  was  sufficient  depth 
to  allow  easy  turning  in  the  vertical  plane.  As  a  resuit  the  parame- 
cium at  first  turned  over  and  over  in  the  vertical  plane,  never  swim- 
ming  the  whole  length  of  the  trough.  Later  the  movements  became 
slower  and  the  animal  would  swim  almost  the  length  of  the  trough 
before  reversing. 

As  thèse  movements  are  of  no  fixed  type  but  vary  greatly  from 
time  to  time  under  the  same  conditions,  and  further,  as  this  variation 
is  often  not  what  would  be  produced  by  fatigue,  a  satisfactory  expia- 
nation  cannot  be  made  in  ternis  of  tropism.  The  "  trial  and  error  " 
explanation,  although  the  principle  is  no  doubt  involved  (as  it  is  in 
the  gross  movements  of  ail  animais),  does  not  seem  to  satisfy,  because 
the  movement  of  reversing  in  the  tube  requires  a  great  deal  of  effort 
and  persévérance  on  the  part  of  the  paramecium  and  a  relatively 
long  time  to  accomplish.  The  law  of  trial  and  error  describes  the 
organism  as  avoiding  any  great  difficulty  and  turning  to  a  more 
easily  accomplished  movement. 

2.  The  Inadequacy  of  an  Associated  Past  Expérience  to  Mod- 
ify  the  Reaction  to  a  Given  Stimulus.  —  Paramecium  reacts  differ- 
ently  to  confinement  in  the  two  planes,  vertical  and  horizontal.  To 
react  difl^erently  to  two  conditions  is  to  distinguish  between  them. 
Paramecium,  however,  swimming  in  an  "L"-shaped  tube,  one  part 
of  which  lies  in  the  vertical  and  one  part  in  the  horizontal  plane,  will 
not  react  negatively  when  it  passes  from  one  plane  to  the  other. 

In  this  experiment  the  bore  of  the  tube  which  w^as  used  was  of 
such  a  size  that  the  paramecia  had  no  difficulty  in  turning.  A  num- 
ber  of  paramecia  were  taken  up  in  the  tube  and  then  one  end  of  the 
tube  was  fused  so  that  the  water  could  be  maintained  in  the  same 
part  of  the  tube,  regardless  of  the  tube's  position.  The  tube  was 
placed  with  one  leg  vertical  and  one  leg  horizontal,  and  the  para- 
mecia swam  through  the  length  of  the  tube  without  any  négative  re- 
action to  the  change  in  direction. 

The  end  of  the  vertical  leg  was  then  brought  into  contact  with  a 
hot  rod  kept  at  a  constant  température,  so  that  the  paramecia  always 
experienced  heat  at  the  end  of  their  vertical  swim.  They  reacted  to 
the  heat  with  random  movements,  which  with  répétition  of  the  stim- 


144       VII.    mTERNATIONAL   ZOÔLOGICAL   CONGRESS 

ulus  became  more  adaptive,  finally  swimming  back  along  both  legs 
of  the  tube  to  the  cool  raeniscus.  Thèse  condition  were  maintained 
in  one  experiment  for  eighteen  hours  and  in  another  for  sixty  hours. 
In  this  time,  however,  the  paramecia  did  not  learn  to  react  to  the 
vertical  position,  and  thus  anticipate  the  heat  stimulus.  The  only 
modification  in  their  behavior  consisted  in  the  increased  appropri- 
ateness  of  their  movements  in  reacting  to  the  heat.  They  seemed  to 
show  a  reduced  threshhold  of  perception,  inasmuch  as  they  did  not 
approach  as  near  the  source  of  heat  in  their  later  reactions  as  they 
did  in  their  earlier  ones  ;  but  this  may  hâve  been  due  to  the  fact  that 
the  random  movements,  which  characterized  the  early  reactions,  car- 
ried  them  past  the  point  in  the  tube  where  the  négative  reaction 
began. 

Another  experiment  similar  to  the  foregoing  was  performed  by 
using  light  and  heat  stimuli.  The  conditions  of  the  experiment  were 
thèse  :  Paramecia  were  placed  in  a  trough  having  an  extremely  thin 
glass  bottom,  and  this  trough  was  immersed  in  a  partitioned  box  con- 
taining  hot  and  normally  cold  water,  so  that  the  bottom  of  the  trough 
was  kept  cool  on  one  half  and  warm  on  the  other.  There  was  a  dis- 
tinct line  (not  corresponding  exactly  to  the  partition  of  the  under 
box)  at  which  the  paramecia  approaching  from  the  cool  side  would 
turn  back.  A  light  was  fixed  above  the  trough  and  a  screen  inter- 
posed  so  that  a  shadow  covered  the  warm  area  and  a  minute  part  of 
the  cool  area  beyond  the  reaction  line.  The  white  paramecium  (that 
used  in  thèse  experiments)  gives  no  reaction  to  light  or  darkness,  but 
it  was  hoped  that  by  allowing  the  animais  to  expérience  darkness 
whenever  they  experienced  heat  they  might,  when  the  heat  was  re- 
moved,  react  negatively  to  darkness.  This  they  did  not  do,  however, 
although  one  group  of  paramecia  were  allowed  to  expérience  the  two 
conditions  together  for  fifteen  hours,  one  for  twenty-four  hours,  and 
one  for  forty  hours. 


FEATURES  IN  THE  BEHAVIOR  OF  THE  STARFISH 
ILLUSTRATING  THE  GROUNDS  FOR  THE  ATTRI- 
BUTION BY  OLDER  AUTHORS  OF  INTELLIGENCE 
TO   LOWER   ANIMALS 

(Abstract) 
H.  S.  JENNINGS 

In  this  paper  an  account  was  given  of  certain  complex  and  hijrhly 
integrated  reactions  in  the  starfish  Asterias  forreri.  Certain  features 
of  locomotion,  of  the  righting  reaction,  and  of  certain  other  reactions 
were  described  and  illustrated  by  photographs.  In  the  behavior 
described,  ail  the  activities  of  the  starfish  seem  directed  toward  the 
accomplishment  of  a  definite  resuit;  the  différent  parts  of  the  body 
play  différent  but  coordinated  parts,  while  in  différent  cases  the 
performance  of  the  act  is  so  varied  that  it  cannot  be  called  stereo- 
typed;  each  organ  may  play  any  one  of  many  différent  parts,  as 
required  to  accomplish  the  resuit  under  the  conditions.  Thus,  in 
the  righting  reaction,  after  a  few  moments  of  uncoordinated  feeling 
about,  suddenly  a  unified  impulse  appears,  —  an  impulse  to  turn  in 
a  certain  definite  direction.  Thereafter  ail  the  activities  of  the  star- 
fish are  directed  toward  turning  in  that  way.  Certain  rays  may 
hâve  become  wrongly  attached;  thèse  now  untwist,  release  them- 
selves,  attach  anew,  and  assist  the  turning.  The  ray  on  the  side 
opposite  that  toward  which  the  animal  is  to  turn  plays  a  différent 
part  from  the  others;  it  releases  itself,  refuses  to  attach,  bends  over 
toward  the  other  side,  and  only  takes  hold  again  when  by  its  pulling 
it  assists  the  final  settling  down.  Certain  rays  may  hâve  gotten 
themselves,  before  the  unified  impulse  appeared,  partly  back  into 
the  normal  position  with  ventral  side  down;  thèse  turn  themselves 
back  into  the  abnormal  position  in  order  to  aid  the  gênerai  turning. 
No  part  is  dragged  passively  or  against  its  will;  each  is  active  in 
aiding  to  carry  out  the  gênerai  movement.  Often  four  rays  are  at- 
tached ;  in  turning,  the  anterior  attached  pair  walks  backward  by  the 
aid  of  its  tube  feet,  while  the  posterior  pair  walks  forward.  Where 
the  two  pairs  meet,  the  posterior  pair  releases  itself  and  lifts  itself  up 
sufficiently  to  allow  the  anterior  pair  to  walk  backward  under  it,  — 
the  posterior  pair  meanwhile  walking  forward  over  the  anterior  pair  ; 
thus  the  normal  position  is  restored. 

Now,  the  starfish  may  turn  toward  any  ray  or  any  interradius, 
and  in  each  différent  case  each  of  the  five  rays,  and  even  each  of  the 
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tube  feet,  will  play  a  différent  part,  yet  a  part  coordinated  witli 
ail  the  rest,  to  accomplish  the  final  resuit.  The  action  is  thus  not 
a  stereotyped  chain  reflex,  but  is  as  variable  as  it  could  conceivably 
be,  yet  always  maintaining  the  unity. 

Thus  the  starfish  modifies  the  activity  of  each  of  its  parts  in 
accordance  with  circumstances,  making  ail  act  toward  a  unified 
resuit.  This  is  what  Preyer  meant  by  attributing  intelligence  to 
the  starfish.  In  modem  times  Driesch  almost  àlone  lias  insisted  on 
the  interest  and  importance  of  such  actions  in  lower  organisms.  He 
recognizes,  what  cannot  be  gainsaid,  that  there  is  in  this  activity 
something  resembling  our  own  when  we  hiow  things,  —  when  we 
understand  a  situation,  and  act  accordingly. 

Such  behavior  can  evidently  not  be  characterized  as  simply 
reflex,  nor  as  a  stereotyped  instinct,  nor  as  a  tropism,  nor  as  trial 
and  error.  It  is  more  complex,  more  modifiable,  and  more  intégra ted 
than  any  of  thèse.  Its  real  nature  and  origin  présents  one  of  the 
most  interesting  problems  to  the  student  of  behavior. 


THE  ANNUAL  SWARMING  OF  THE  ATLANTIC  PALOLO 
ALFRED  GOLDSBOROUGH  MAYER 

The  name  "Atlantic  Palolo  "  is  given  to  this  worm  on  account 
of  the  resemblance  between  its  habits  and  those  of  the  closely  allied 
Palolo  Worm  of  Samoa  and  Fiji.  The  only  marked  différence  be- 
tween the  habits  of  the  Atlantic  and  Pacific  worms  appears  to  be  that 
in  the  Pacific  the  annual  swarms  come  upon  or  near  the  days  of  the 
last  qiiarter  of  the  moon  in  October  and  November,  whereas  the 
breeding  swarm  of  the  Atlantic  Palolo  occurs  at  Tortugas,  Florida, 
within  three  days  of  the  day  of  the  last  quarter  of  the  moon  between 
June  29  and  July  28.  Moreover,  the  Atlantic  and  Pacific  Palolo 
worms  are  specifically  distinct,  the  former  heing  Eunice  fucata  (Ehlers), 
and  the  latter  Eunice  viridis  (Gray). 

The  Atlantic  Palolo  worm  lives  within  burrows  in  dead,  corroded 
coral  rock,  from  below  low  tide  level  to  a  depth  of  at  least  six  fathoms. 

The  sexual  products  are  developed  exclusively  in  about  150  of 
the  posterior  segments  of  the  worm.  Before  sunrise  on  the  morning 
of  the  day  of  the  swarm  the  worm  crawls  out  backwards  from  its 
burrow  until  ail  of  the  sexual  segments  and  a  portion  of  the  slender 
middle  part  of  its  body  hâve  been  exposed.  Then  the  sexual  seg- 
ments begin  actively  to  twist  with  a  helical,  corkscrew-like  movement. 
Viewed  from  the  head  end  of  the  worm,  this  twisting  movement  is  seen 
to  be  in  the  direction  of  the  hands  of  a  watch,  thus  being  that  of  a 
right-handed  screw.  This  active,  roUing,  twisting  movement  in- 
volves only  the  posterior  sexual  segments,  and  ceases  whoUy  at  the 
segment  separating  the  middle  portion  of  the  worm  from  the  pos- 
terior end.  Thus  it  is  that  the  posterior  end  is  twisted  off  précise ly 
at  the  joint  between  the  sexual  segments  and  the  middle  portion  of 
the  worm.  Upon  freeing  itself,  the  posterior  end  immediately  swims 
upward  to  the  surface,  where  it  progresses  rapidly  along,  swimming 
backwards  usually  until  sunrise,  when  a  sudden,  violent  séries  of 
muscular  contractions  bursts  the  cuticula  in  many  places  and  dis- 
charges the  sexual  products  into  the  water.  If  we  capture  the  swim- 
ming sexual  end  of  the  worm  before  sunrise  and  place  it  in  a  dark 
room,  the  bursting  contraction  is  somewhat  delayed,  but  not  pre- 
vented,  showing  that  light  is  not  the  sole,  but  only  a  contributory, 
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cause  of  the  reaction,  Often  the  sexual  products  hâve  been  discharged, 
the  torn,  shrivelled,  empty  posterior  end  sinks  down  to  die  upon  the 
bottom.  This  process  of  the  setting  free  of  the  posterior  end  was 
observed  in  worms  which  were  hving  in  rocks  in  an  aquarium  on 
July  1,  1907. 

After  the  casting  ofî  of  its  posterior  sexual  end,  the  forward  part 
of  the  worm  crawls  back  into  its  burrow  in  the  coral  rock,  and  régén- 
érâtes a  new  posterior  end. 

This  swarming  of  the  Atlantic  Palolo  has  been  observed  for  nine 
years  at  Tortugas,  Florida.  The  principal  swarm  occurs  within  three 
days  of  the  day  of  the  last  quarter  of  the  June  29  to  July  28  moon, 
although  smaller  swarms  may  occur  on  the  one  or  two  days  preceding 
or  succeeding  the  day  of  the  principal  swarm.  In  the  following  record 
the  dates  of  the  principal  breeding  swarm  are  printed  in  heavy  type, 
whereas  the  dates  upon  which  only  a  few  worms  were  observed  swarm- 
ing are  printed  in  ordinary  type. 


Year. 

Dates  upon  which  the  Atlantic 
Palolo  swarmed. 

Date  of  the  moon 's  last 
quarter. 

1898 

July  9,  10 

July  10 

1899 

"    1,2 

June  29 

1900      • 

"    19 

July  18 

1902 

"    24,  25,  28 

"   27 

1903 

"    17 

u     ij 

1905 

"    9,  10,  21,  22,  23,  24 

"    24 

1906 

"    11,  12,  13 

"    13    . 

1907 

"    2,  3 

"      2 

1908 

"    10, 19 

"    19 

In  1905  about  200  worms  were  observed  swarming  on  the  morn- 
ing  of  July  9,  and  a  few  freshly  laid  eggs  were  found  in  the  morning 
tow  on  July  10.  The  moon's  fîrst  quarter  came  on  July  9,  1905.  In 
190S  the  first  quarter  of  the  moon  fell  on  July  6  and  the  last  quarter 
on  July  19,  and  in  this  year  a  very  dense  swarm  of  the  worm  came 
on  July  10,  and  none  others  until  July  19  when  a  fair  swarm  was 
seen,  after  which  the  worms  did  not  swarm  again.  It  is  évident  that 
the  worms  may  respond  to  the  frst  as  well  as  to  the  last  quarter  of 
the  moon,  when  the  last  quarter  falls  late  in  July. 

This  response  to  the  frst  quarter  may  be  correlated  with  the  late 
date  (July  24  and  19)  of  the  moon's  last  quarter  in  1905  and  1908; 
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but  this  explanation  is  not  wholly  satisfactory,  in  view  of  the  fact  that 
no  swarm  occurred  at  the  time  of  the  first  quurter  in  1902  when  the 
hist  quarter  fell  upon  a  date  even  later  than  in  1905.  It  is  significant, 
however,  that  the  worm  may  respond  to  the  prst  as  well  as  to  the  last 
quarter  of  the  moon  ;  and  this  is  the  more  interesting  in  view  of  the 
observations  of  Osawa  and  of  Izuka  that  the  "Japanese  Palolo," 
Ceratocc'pJiale  osawai,  swarms  at  the  time  of  the  new,  and  the  full 
moon. 

For  the  past  five  years  I  hâve  been  conducting  experiments  to 
détermine  the  nature  of  the  stimulus  which  calls  forth  the  breeding 
swarm  in  the  Atlantic  Palolo.  Thèse  experiments  are  difficult  of 
exécution,  for  even  a  very  slight  impurity  of  the  water  caused  by  lack 
of  sufficient  space,  or  of  circulation,  will  prevent  the  swarming. 

Rocks  containing  full-grown  worms  were  placed  in  a  floating, 
wooden,  live-car,  and  allowed  to  remain  there  for  a  month  préviens 
to  the  date  of  the  normal  swarm,  fuUy  exposed  to  the  moonlight,  but 
without  any  rise  and  fall  of  tide  over  them.  Under  thèse  conditions 
3  out  of  10  mature  worms  cast  ofï  their  posterior  ends  and  swarmed 
normally  within  three  days  of  the  day  of  the  last  quarter  of  the  July 
moon;  the  other  7  worms,  however,  remained  within  their  burrows 
in  the  rocks  and  failed  to  swarm. 

In  nature  ail  of  the  mature  worms  swarm  at  the  annual  breeding 
period,  and  the  partial  failure  of  the  worms  to  swarm  in  the  tideless 
live-car  may  indicate  that  the  changing  pressure  due  to  the  normal 
rise  and  fall  of  tide  is  a  contributory,  but  not  a  necessary,  component 
of  the  stimulus  which  produces  the  breeding  swarm.  It  is  possible, 
however,  that  the  mère  confinement  of  the  wood-enclosed  space  of 
the  live-car  acted  injuriously  upon  the  worms  and  rendered  them  less 
sensitive  to  the  stimulus  which  produces  the  breeding  swarm.  In  any 
event,  it  is  évident  that  the  worms  can  swarm  in  an  artificial  tideless 
sea  ;  and  that  the  normal  rise  and  fall  of  the  tide,  and  the  accompany- 
ing  increase  and  diminution  of  pressure  over  the  rocks  of  the  reefs  is 
not  a  necessary  or  sole  cause  of  the  swarming. 

On  the  other  hand,  when  worm-bearing  rocks  were  placed  in 
floating  live-cars  which  were  covered  every  afternoon  before  sunset 
with  a  light-proof  cover,  so  that  throughout  the  night  no  moonlight 
could  fall  upon  the  rocks, ^  noue  of  the  worms  swarmed.  Altogether, 
22  mature  worms  were  in  thèse  darkened  live-cars,  but  upon  crack- 
ing  open  the  rocks  from  one  to  three  weeks  after  the  time  of  the  normal 
swarming,  it  was  seen  that  none  of  them  had  cast  off  their  posterior 
segments,  and  it  was  évident  that  they  had  not  responded  to  the 
stimulus  which  produces  the  swarm. 

Neither  did  any  worms  swarm  in  darkened  boxes  in  which  the 
tide  rose  and  fell  in  a  normal  manner,  but  it  is  possible  that  the  lack 

'  In  one  experiment  the  moonlight  was  excluded  for  thirty  nights,  and  in 
another  for  five  nights,  before  the  time  of  the  normal  swarms. 
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of  a  free  circulation  of  water  and  the  unfavorable  conditions  of  con- 
finement may  hâve  prevented  the  swarming  in  this  case,  although  as 
thèse  unfavorable  conditions  did  not  whoUy  prevent  swarming  in 
open  live-cars,  I  am  inclined  to  believe  that  the  worms  cannot  swarm 
unless  moonlight  falls  upon  the  rocks. 

In  nature  the  worms  will  swarm  in  overcast,  or  cloudy,  as  well  as 
in  clear  weather;  so  that  even  diffuse  moonlight  appears  to  be  capa- 
ble of  calling  forth  the  swarm. 

In  the  Atlantic  Palolo  we  hâve  an  annual  breeding  season  of  only 
1  to  6  days'  duration,  and  the  maies  outnumber  the  females  in  the 
ratio  of  about  3  to  2;  whereas  in  Nereis,  where  the  breeding  season 
is  about  100  days  in  duration,  the  maies  greatly  outnumber  the  fe- 
males. It  is  évident  that  a  shortening  of  the  breeding  season  would 
cause  a  greater  concentration  of  breeding  individuals,^  and  would 
therefore  shorten  the  average  distance  that  the  spermatozoa  must 
travel  in  order  to  fertilize  the  ova;  and  as  spermatozoa  cannot  sur- 
vive long,  this  would  be  an  advantage  to  the  species. 

We  hâve  advanced  beyond  the  period  in  the  history  of  biology 
when  one  had  but  to  discover  an  advantage  to  détermine  a  cause; 
but  that  some  such  cause  may  hâve  contributed  to  shorten  the  breed- 
ing season  in  such  animais  as  the  Atlantic,  Pacific,  and  Japanese 
Palolo  worms,  is  shown  by  the  fact  that  more  eggs  are  fertilized  when 
maies  are  near  the  female  than  when  they  are  far  away.  For  ex- 
ample :  I  took  a  female  Atlantic  Palolo  from  the  midst  of  the  swarm 
and  placed  her  in  sea-water  200  meters  away  from  the  nearest  swarm- 
ing maies.  Of  the  eggs  which  were  laid  by  this  female  in  the  water 
removed  from  the  place  of  the  swarm,  not  one  in  a  hundred  devel- 
oped,  whereas  practically  every  egg  developed  in  the  sea-water  where 
maies  were  near. 

The  polar  bodies  are  given  forth  as  soon  as  the  eggs  are  cast  oui 
from  the  female,  and  fertilization  occurs  in  the  water;  but  the  egg 
does  not  mature  if  it  be  cast  out  at  any  time  other  than  that  of  the 
normal  breeding  swarm.  When  about  10  to  15  hours  old  the  larvœ 
are  nearly  ail  negatively  photactic  either  in  diffuse  light  or  in  sun- 
light. When  about  28  hours  old,  however,  they  become  mainly  posi- 
tively  photactic,  and  remain  thus  even  after  the  eighth  day,  when 
they  will  hâve  ceased  to  swim  through  the  water,  and  hâve  sunken 
to  the  bottom.  Within  24  hours  after  sinking  to  the  bottom,  how- 
ever, they  become  indiffèrent  to  light  in  so  far  as  their  direction  of 
movement  is  concerned. 

'  If  the  numbers  of  two  species  be  equal  each  to  each,  and  if  T  be  the  time  of 
duration  of  the  breeding  season  of  one  species,  and  t  (a  shorter  period)  be  that  of 
the  other  species,  then  in  an  area  containing  m  individuals,  the  average  distance 

apart  of  the  species  having  the  long  breeding  penod  is  V  —f  —  1  times  as  great  as 


in  the  species  with  the  short  breeding  season.  n/m  ""  1 
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The  segmentation  closely  resembles  that  of  Nereis  and  the  larva 
is  telotrochal. 

Further  accounts  of  the  Atlantic  Palolo  will  be  found  in  Bull.  Mus.  Zool.,  36, 
pp.  1-14,  1900;  Science  Bull.  Mus.  Brooklyn  Institute  of  Arts  and  Sciences,  1,  No.  3, 
pp.  93-103,  1902;  Publication  No.  102,  Carnegie  Institution  of  Washington,  1908. 

The  Japanese  Palolo  is  treated  of  in  détail  by  A.  Izuka;  Jour.  Coll.  Sci.  Imp. 
Univ.  Tokyo.  Vol.  17,  1903. 

The  Pacific  Palolo  has  been  treated  of  by  numerous  writers,  the  most  im- 
portant accounts  being  those  of  Friedlander,  Biol.  Centralbl.,  18,  pp.  337-357,  1898  ; 
Collin  in  Kràmer's  Bau  der  Korallenriffe,  pp.  164-174,  1899;  and  Woodworth, 
American  Naturalist,  37,  pp.  875-881,  1903,  and  Bull.  M.C.  Z.,  Vol.  51,  pp.  1-21, 
1907. 


THE   REACTIONS   OF   SARCOPHAGID   FLY-LARVAE 

TO   LIGHT 

(Abstract) 
WILLIAM   B.   HERMS 

1.  The  larvée  of  Lucilia  cœsar,  Linné,  react  negatively  to  day- 
light.    (V.)^ 

2.  They  react  positively  to  lamplight  while  feeding.      (I,  IL) 

3.  They  react  positively  to  acétylène  gaslight  while  feeding. 
(VIII.) 

4.  Under  the  solar  spectrum  the  larvœ  are  positive  to  the  red 
end,  especially  the  yellow  band,  when  given  the  choice  of  the  entire 
spectrum.     (IX.) 

5.  The  positive  reaction  to  light  is  stronger  than  the  positive 
reaction  to  food,  which  behavior  is  not  a  useful  reaction  to  the  larvœ  ; 
in  fact,  must  be  detrimental,  as  shown  by  experiments  on  underfed 
individuals. 

6.  The  larvse  may  be  drawn  by  a  photic  stimulus  from  the  flesh 
upon  which  they  are  feeding  to  a  distance  of  at  least  16  cm.     (VIII.) 

7.  Changing  from  one  color  to  another  suddenly,  or  from  color 
to  artificial  light  (kérosène  or  acétylène  gas),  or  vice  versa,  causes 
a  négative  response,  to  which  new  condition  the  larvae  must  first 
become  accustomed  before  the  positive  response  takes  place. 

8.  The  négative  reaction  is  almost  instantaneous  while  the^ 
positive  reaction  requires  from  five  to  ten  minutes  usually. 

9.  The  larvœ  react  positively  to  any  color  of  light  except  when 
given  choice  of  colors,  when  the  reaction  takes  place  as  (4)  above. 

10.  The  larvœ  react  to  a  very  low  intensity  and  through  a  great 
range  of  intensity.  (A  paper  is  now  in  process  to  détermine  the 
extrêmes  more  carefuUy.)     (I,  IL) 

11.  The  adjustment  of  the  larvœ  to  the  (assumed)  exact  point 
of  strongest  illumination  is  very  striking. 

12.  The  older  the  larvœ  the  less  active  is  the  positive  response  to 
artificial  light  and  the  stronger  is  the  négative  response  to  daylight. 

13.  Migrated  larvœ  are  négative  to  daylight. 

14.  Migrated  larvœ  are  négative  to  artificial  light  (kérosène  and 
acétylène). 

'  The  number  in  parenthèses  indicates  the  séries  of  experiments  on  which  the 
conclusion  or  statement  is  based. 
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15.  Migrated  larvre  show  great  activity  at  night  and  are  very 
quiet  during  the  day,  being  buried  in  the  sand  on  the  beach  or  massed 
in  the  darkest  corners  of  the  réceptacle  in  the  hiboratory. 

16.  a.  Migrated  or  migrating  larvae  are  decidedly  négative  to  the 
blue  end  of  the  spectrum.  This  would  be  expected  on  the  basis  of 
the  conclusion  as  indicated  for  reaction  to  dayHght. 

6.  Might  there  not  be  a  relation  between  the  bactericidal  property 
of  the  blue  end  of  the  spectrum  and  the  négative  reaction  of  sar- 
cophagid  fly-larvœ  to  the  same  colors?   (See  Exp,  IX,  X,  XL) 

17.  Migrated  larvœ  are  probably  négative  to  any  color  of  the 
spectrum  moving  away  from  the  source  of  light,  but 

18.  Migrated  larvœ  will  collect  on  the  side  away  from  the  source 
of  light  in  the  yellow  orange  band  when  choice  is  possible.     (X,  XL) 

19.  The  trial  and  error  method  is  used  by  the  larvae  to  orient 
themselves.  (V.)  Orientation  becomes  more  and  more  direct  as  the 
intensity  of  the  stimulus  increases. 

20.  Their  behavior  is  not  stereotyped. 

21.  The  behavior  of  migrated  larvœ  difïers  from  the  behavior 
of  feeding  larvœ  in  the  following  respects:  (1)  The  former  react 
more  slowly,  and  (2)  are  more  strongly  négative  to  daylight;  (3) 
they  are  négative  to  artificial  light,  while  the  latter  are  positive; 
(4)  they  are  relatively  inactive  during  the  day;  (5)  they  are  more 
strongly  négative  to  the  blue  end  of  the  spectrum. 


AN  EXPERIMENTAL  STUDY  OF  COLOR  DISCRIMINA- 
TION, ASSOCIATION,  AND  MEMORY  IN  THE  GRAY 
SNAPPER  (LU  TI  ANUS  GRISEUS  LINN.)  AND  OF 
WARNING    COLORATION   IN   CORAL   REEF   FISHES 

(Absteact) 
JACOB  REIGHARD 

I.  The  gray  snapper,  the  commonest  predaceous  fish  of  the  coral 
reefs  at  Tortugas,  Florida,  was  made  the  subject  of  experiments  in- 
tended  to  test  the  following  underlying  assumptions  of  the  theory  of 
warning  color  as  appHed  to  coral  reef  fishes:  (1)  That  there  is  "a 
gênerai  association  of  bright  colors  with  poisonous  or  dangerous 
qualities  "  (Beddard),  so  that  certain  colors  in  themselves  warn  the 
predaceous  reef  fish  and  are  avoided  by  them;  (2)  That  the  pre- 
daceous species  discriminate  colors;  (3)  That  they  are  able  to  form 
associations  between  certain  colors  and  disagreeable  qualities;  and 
(4)  To  retain  thèse  associations  (memory). 

The  commonest  food  of  the  gray  snapper  in  May  or  June  is  a 
small  silvery  fish,  Atherina  laticcps  (Poey).  The  experiments  con- 
sisted  in  feeding  to  the  gray  snappers  dead  Atherinas  to  which  dif- 
férent colors  had  been  given  by  the  use  of  dyes.  The  tests  were 
made  upon  a  colony  of  one  hundred  and  fifty  snappers  entirely  at 
liberty  in  their  natural  environment  under  wholly  normal  conditions. 

1.  The  snappers  took  without  hésitation  Atherinas  when  colored 
red,  yellow,  green,  blue,  and  violet. 

2.  By  feeding  the  snappers  on  Atherinas.  of  one  color  until  they 
were  familiar  with  it,  and  then  allowing  them  a  choice  between  that 
color  and  another  and  unfamiliar  color,  they  were  found  to  discrimi- 
nate white  from  blue,  blue  from  red,  and  blue  from  yellow.  Care 
was  taken  to  eliminate  errors  due  to  différences  in  brightness-values, 
size,  position,  and  chemical  qualities  (odor  or  taste).  The  colors 
were  impure. 

3.  Red  Atherinas  were  rendered  unpalatable  by  attaching  to  each 
a  small  portion  of  a  nettle-cell  bearing  tentacle  of  the  médusa  Cassi- 
opea.  Two  hundred  and  thirty-eight  tentacled  Atherinas  were  fed  to 
about  one  hundred  and  fifty  snappers  in  one  hour  and  twenty-five 
minutes,  divided  into  two  nearly  equal  periods  separated  by  an  in- 
terval  of  three  days.  Sixty  of  the  tentacled  Atherinas  (including  the 
last  sixteen)  were  refused.  That  the  association  thus  formed  was 
between  disagreeable  quaUties  and  the  color  red,  and  not  between 
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disagreeable  qualities  and  the  changed  form  of  the  red  Atherinas  due 
to  the  attached  tentacles,  was  shown  by  the  following:  (a)  that  red 
Atherinas  without  tentacles  were  subsequently  refused,  while  (b)  white 
Atherinas  with  tentacles  were  readilj  taken. 

4.  Twenty  days  after  the  red  association  had  been  formed,  red 
Atherinas  without  tentacles  were  still  absolutely  refused  by  ail  the 
snappers  in  the  colony,  although  white  and  blue  were  readily  taken  ; 
rétention  of  a  warning  association  artificially  established. 

IL  Individuals  of  twenty  species  of  cor  reef  fishes  were  fed, 
living,  to  the  same  colony  of  snappers.  They  were  conspicuous  in 
color  and  pattern,  many  of  them  typically  "warningly"  colored. 
Ail  were  readily  taken  but  one,  which  was  too  large. 

While  the  gray  snapper  is  thus  shown  to  possess  the  qualities 
necessary  to  the  establishment  of  a  warning  reaction  (assumptions 
2,  3,  and  4),  and  while  such  a  reaction  may  be  artificially  established 
(assumption  3)  and  is  long  retained  (assumption  4),  yet  feeding  ex- 
periments  furnish  no  évidence  of  the  avoidance  of  any  color  in  itself 
(assumption  1),  or  of  the  existence  in  coral  reef  fishes  of  that  combi- 
nation  of  conspicuous  coloration  and  disagreeable  qualities  necessary 
to  the  theory  of  warning  color. 


ORGANIZATION   OF  THE    GULL   COMMUNITY 

F.  H.   HERRICK 

The  common  Herring  GuU  —  Larus  argentatus  smiihsoniaiius  — 
affords  a  typical  example  of  communal  life  among  birds.  A  more 
idéal  spot  for  studying  its  behavior  could  hardly  be  found  than  at  the 
Great  Duck  Islands,  Maine,  where  my  own  observations  hâve  been 
chiefly  made,  where  a  great  nursery  of  this  gull,  with  a  population  of 
from  3,000  to  5,000  individuals,  old  and  young,  is  annually  maintained 
for  nearly  five  months  of  the  year. 

For  the  présent  we  must  leave  in  the  background  many  curions  and 
interesting  phenomena  of  nest-life,  and  try  to  answer  the  following 
questions:  (1)  What  is  the  organizatioh  of  the  gull  community,  and 
(2)  what  benefits,  if  any,  are  derived  from  a  communal  life  ? 

As  to  methods  of  work,  it  is  sufïîcient  to  say  that  my  records  and 
confirmatory  photographs,  which  could  be  extended  to  any  limit,  were 
secured  by  means  of  the  observation  tent,  which  w^as  first  used  in 
1898,  and  described  in  my  work  on  "The  Home  Life  of  Wild  Birds," 
first  published  in  1901.  The  facts  herein  presented  can  be  verified 
and  expanded  only  by  use  of  the  tent,  or  some  perfect  "  blind  "  for 
concealment  of  the  person,  and  by  no  other  means. 

The  herring  gull  community  is  made  up  of  family-units,  and  the 
breeding  grounds  of  family  domains,  each  of  which  I  shall  call  a 
"préserve,"  each  pair  of  birds  choosing  their  territory  and  guarding 
it  with  relentless  vigilance.  Upon  each  préserve  are  situated:  (1)  the 
Nest,  (2)  the  Perch,  (3)  the  Feeding  Spot,  and  (4)  the  Cover  for 
the  chicks.  Each  domain  is  determined  primarily  by  the  nest,  and 
secondarily  by  the  other  éléments  of  the  family  establishment.  There 
may  be  more  than  one  perch  ;  feeding  spots  may  shift,  but  the  fighting 
instinct,  upon  which  the  guarding  is  based,  is  early  developed  and 
does  not  cease  until  after  the  young  take  to  the  water. 

This  gull  will  accept  strange  eggs,  but  discriminâtes  its  own  young 
perfectly,  at  least  when  they  hâve  reached  a  certain  âge,  and  will 
permit  no  shufïling  of  the  chicks.  How  does  it  happen,  it  has  been 
asked,  that  so  many  of  the  older  chicks  are  slaughtered  in  every 
community  ?  This  is  due  to  the  ferocity  of  the  guarding  and  fighting 
instincts  in  the  old  birds,  and  to  a  lack  of  attunement  in  the  instincts 
of  the  young,  in  conséquence  of  which  a  chick  will  occasionally  stray 
from  its  own  préserve  and  trespass  on  the  domain  of  a  neighbor.    If 
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unattended  or  if  not  watched,  the  stray  bird  is  certain  to  be  struck 
down  and  killed  in  cokl  blood  on  the  spot.  One  can  walk  over  the 
breeding  grounds  and  almost  any  day  pick  up  half  a  dozen  dead 
chicks  of  varions  sizes,  with  blood-stained  heads,  ail  of  which  hâve 
been  killed  in  a  similar  manner. 

I  hâve  seen  a  gnll  chick,  which  made  the  mistake  of  crawling  under 
a  certain  log  and  crossing  the  danger  line  of  an  adjoining  préserve, 
scalped  by  a  single  blow  from  the  bill  of  the  neighbor  whose  territory 
it  had  invaded.  Indeed,  the  brawls  and  savage  fights  which  inces- 
santly  disturb  the  peace  of  the  guU  metropolis  almost  always  arise 
from  contentions  over  stray  chicks. 

The  young  gidl  is  fed  by  régurgitation,  and  receives  its  first  food 
in  about  one  hour  after  birth,  or  shortly  after  drying  ofî,  and  at  the 
nest.  By  association  the  nest,  in  nearly  every  case,  becomes  the  first 
feeding  spot.  Later,  in  the  same  manner,  a  new  feeding  spot  may  be 
established  a  short  distance  away,  but  still  on  the  préserve,  and  this  is 
likely  to  be  maintained  until  the  young  begin  to  w^ander  and  take  to 
the  water.  The  small,  bare,  and  soiled  patches  of  sward,  to  be  seen 
ail  over  the  breeding  grounds,  are  thus  explained. 

The  perch,  such  as  a  rock  or  log,  is  simply  a  vantage  point,  adopted 
in  the  first  instance  through  convenience  for  observation,  and  even- 
tually  maintained  by  habit.  Upon  this  perch  one  of  the  adult  birds  is 
always  standing  at  guard,  or  with  seldom  an  intermission  after  the 
chicks  are  hatched.  The  préserve  is  rarely  deserted  by  both  parents 
from  the  time  of  hatching  to  a  period  when  the  chicks  hâve,  in  ail  prob- 
ability,  attained  a  considérable  size  and  are  several  weeks  old.  Upon 
the  perch  the  old  birds  perform  their  elaborate  toilets,  pulling,  comb- 
ing,  erecting  and  oiling  their  feathers,  drying  off  after  their  fréquent 
baths  in  the  océan,  yawning,  gaping,  stretching,  dozing,  sleeping, 
sounding  their  alarms  and  their  far-reaching  scream  of  défiance. 
Every  departure  from  the  préserve  and  every  approach  to  it  is  by  way 
of  the  perch.  From  the  perch  the  adult  drops  to  the  ground,  walks 
to  the  feeding  spot,  and  calls  its  young  from  cover.  Then,  after  tan- 
talizing  them  several  minutes  by  repeatedly  oflfering  them  sticks  and 
pulled  grass,  it  arches  its  great  neck  and  régurgitâtes  a  mass  of  fish, 
squid,  or  shrimp,  carefully  replacing  the  remains  of  each  meal  in  its 
capacious  pocket  of  a  stomach,  and  returns  again  to  its  perch.  The 
chicks  after  stretching  and  performing  curions  play-antics  retire  to 
their  cover  beneath  a  log  or  brush  pile,  when  not  concealed  by  tall 
grass  or  in  some  other  way,  where  they  remain  until  called  forth  again, 
in  the  course  of  half  an  hour,  for  the  next  meal.  Occasionally  the 
chicks  will  wander  over  their  domain,  but  only  when  under  the  watch- 
ful  eye  of  their  parents.  At  the  âge  of  about  two  or  three  weeks  at 
least  from  twenty  to  thirty  meals  are  served  daily.  Thus  the  rou- 
tine of  guU  life  goes  on,  day  after  day,  and  week  after  week,  until 
the  chicks,  now  grown  to   the   size  of  a  Plymouth  Rock  "broiler," 
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finally  leave  their  préserve  and  under  parental  surveillance  take  to 
the  water. 

What  advantage  does  this  polity  and  organization  confer  on  the 
gull  ?  The  family  is  maintained  as  a  unit.  Ail  straying  of  chicks,  an 
intolérable  condition  in  any  compact  community  where  the  parents, 
which  make  long  journeys  from  home,  must  find  their  young  promptly, 
is  severely  kept  down.  The  old  gidls  do  not  even  strictly  go  to  their 
young;   they  go  to  the  préserve  and  call  their  young  to  them. 

Communal  life  in  the  gidl  primarily  satisfies  a  strong  social  in- 
stinct, which  is  even  stronger  in  the  terns,  where  no  such  organiza- 
tion has  been  observed,  and  where  a  severe  penalty  is  paid  for  the  lack 
of  it,  but  it  affords  little  real  protection.  The  sélection  of  islands  for 
breeding  purposes  is  a  stronger  factor  in  the  protection  of  life  than 
communal  organization,  and  this  "  sélection  "  has  been  probably 
eflfected  by  the  graduai  élimination  of  those  birds  which  persisted  in 
breeding  on  shore  where  their  nests  would  be  exposed  to  more  nu- 
merous  and  more  formidable  enemies.  Again,  island  life  has  strength- 
ened  their  basai  social  instincts  and  favored  concentration,  the 
number   of  sui table   islands   being   few   and   often   small. 

The  gulls,  and  especially  those  whose  nests  are  in  péril,  it  is  true, 
will  attack  a  common  enemy,  such  as  bird,  beast,  or  man,  with  a  cer- 
tain degree  of  concerted  action,  sounding  their  loud  alarms,  rising  and 
swooping  down  upon  the  intruder,  which  they  do  not  hesitate  at  times 
to  strike  with  botli  feet.  This  display  of  pugnacity,  however,  does 
not  carry  them  very  far.  The  crow  harries  their  colonies  with  little 
effective  opposition,  and  when  greatly  disturbed  the  whole  corapany 
will  ascend  to  great  heights  or  go  ont  to  sea,  leaving  their  homes  and 
tender  young  to  the  mercy  of  the  enemy. 


THE  VISUAL  REACTIONS  OF  THE  DANCING  MOUSE 

(Abstract) 
ROBERT  M.   YERKES 

ExPERiMENTS,  with  a  variety  of  methods,  hâve  demonstrated 
that  the  dancing  mouse  possesses  little,  if  any,  ability  to  distinguish 
the  spectral  colors;  that  red  stimulâtes  it  far  less  strongly  than  it 
does  the  human  being  ;  and  that  the  mouse  is  very  sensitive  to  changes 
in  luminosity  (brightness).  We  may  say,  therefore,  that  it  possesses 
excellent  brightness  vision  and  little  color  vision. 

Weber's  law  holds  for  the  perception  of  différences  in  brightness. 
A  dancer  which  had  been  trained  for  several  weeks,  and  which  during 
that  time  had  almost  continuously  improved  in  its  ability  to  detect 
slight  différences  in  the  illumination  of  two  boxes,  demonstrated  its 
ability  to  discriminate  between  the  boxes  when  they  differed  in 
brightness  by  less  than  one-tenth  the  value  of  the  brighter  box. 
This  resuit  was  obtained  in  the  case  of  three  standard  brightness 
values  :  5,  20,  and  80  hefners.  At  the  beginning  of  the  experiment 
this  individual  could  discriminate  the  brighter  box  from  the  darker 
one  only  on  the  basis  of  a  différence  of  about  one-half,  whereas  after 
about  two  thousand  tests  it  was  able  to  discriminate  with  ease  when 
the  différence  was  slightly  less  than  one-tenth.  It  is  an  interesting 
fact  that  improvement  in  brightness  vision  should  continue  through- 
out  this  long  period  of  training,  and  that  it  should  reach  a  degree 
of  development  which  was  not  strikingly  diiïerent  from  that  of  human 
brightness  vision.  I  was  unable  to  discriminate  between  the  boxes 
when  they  differed  in  brightness  by  less  than  one-twentieth. 


AN    EXPERIMENTAL    STUDY   OF   AN    UNUSUAL   TYPE 
OF   REACTION   IN   A   DOG 

(Abstbact) 
G.   V.   HAMILTON 

The  problem  investigated  deals  with  the  possibility  of  there 
being  occasional  exhibitions  (in  dogs  and  other  higher  vertébrales) 
of  higher  reaction-types  than  hâve  been  demonstrated  thus  far  by 
the  usual  expérimental  methods. 

An  animal's  désire,  under  ordinary  circumstances,  to  escape 
at  once  from  an  apparatus,  and  the  failure  of  most  experimenters  to 
provide  apparatus-situations  conducive  to  other  than  "trial  and 
error"  modes  of  reacting,  may  be  partially  responsible  for  the  dis- 
crepancy  between  the  observations  of  comparative  psychologists  and 
those  of  less  critical  observers. 

With  the  above  objections  to  existing  expérimental  methods  in 
mind,  a  puppy  was  reared  in  such  a  manner  that  a  simple  cage,  from 
which  the  animal  could  release  himself  by  clawing  or  biting  objects 
suspended  from  the  sides,  became  part  of  an  attractive  situation  for 
him;  thus,  while  in  the  cage  he  was  allowed  to  chew  up  papers,  bits 
of  wood,  etc.,  and  was  fed  and  given  the  companionship  of  his 
master.  If  by  chance  he  released  himself  extra  rewards  awaited 
him,  but  failure  to  escape  did  not  mean  postponement  of  anything 
for  which  the  animal  seemed  to  hâve  an  immédiate  désire. 

This  preliminary  work  seemed  to  be  justified  by  the  fact  that 
when  the  formai  experiments  were  begun  the  animal  showed  none 
of  the  hurried  attempts  to  escape,  and  none  of  the  fear-reactions 
that  are  more  or  less  characteristic  of  laboratory  dogs. 

The  apparatus  consisted  of  a  large  box  with  wire-netting  sides, 
in  which  there  were  four  pedals,  any  one  of  which  could  be  attached 
to  the  door-release.  The  pedals  were  labelled  with  movable  "pedal 
cards,"  each  of  which  was  given  a  distinctive  light-intensity  and 
odor  value.  During  a  given  experiment  a  sign  board,  bearing  the 
"color"  and  odor  of  the  pedal  card  on  the  attached  pedal,  was  sus- 
pended at  the  top  of  the  rear  of  the  cage.  By  observing  the  appro- 
priate  order  of  attaching  the  pedals  and  distributing  the  pedal  cards, 
the  expérimenter  was  able  to  render  it  impossible  for  the  animal  to 
escape  without  error  whenever  he  sought,  as  his  means  of  escape, 
the  pedal  that  had  just  released  him,  or  the  pedal  bearing  the  imme- 
diately  preceding  successful  pedal  card.  Average  chance  would 
enable  him  to  escape  without  error  in  25  %  of  the  trials,  and  only 
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those  reactions  in  which  the  dirccting  sici^n-board  deterrained  his 
first  choice  of  pedal  would  enable  him  to  do  appreciably  bettcr  than 
this.  There  were  sixteen  différent  situations  to  be  reacted  to,  and 
the  only  factor  determinative  of  a  correct  reaction  that  they  had  in 
common  was  the  following  principle:  choose  the  pedal  whose  card 
affords  the  same  stimuh  as  the  sign-board. 

In  203  of  the  440  trials  the  animal  seemed  to  be  influenced  by 
the  formation  of  simple  associations,  and  since  the  reactions  under 
such  circumstances  were  ail,  of  necessity,  incorrect,  a  far  lower  thaï 
the  average-chance  25  %  correct  reactions  would  hâve  resulted  had 
it  not  been  for  the  influence  of  the  directing  sign-board.  Since  the 
animal  reacted  correctly  in  27.7  %  of  the  trials,  the  above,  taken  in 
conjunction  with  the  further  analyses  of  the  tables  of  results,  seeros 
to  justify  the  conclusion  that,  due  allowance  being  made  for  mère 
accident,  an  appréciable  number  of  the  correct  reactions  were  actually 
determined  by  the  présence  of  the  directing  sign-board.  During 
23  of  the  trials  the  animal's  preliminary  activities  (before  he  chose 
a  pedal  to  strike)  were  as  follows  :  he  spent  several  minutes  inspecting 
alternately  the  sign-board  and  the  row  of  pedal  cards,  often  raising 
his  paw  when  he  came  to  an  unattached  pedal,  but  always  desisting, 
and  always  striking  first  and  only  the  attached  pedal.  Such  re- 
actions came  only  occasionally,  did  not  increase  in  frequency  with 
practice,  and  do  not  seem  to  hâve  influenced  his  usual  (trial  and 
error)  mode  of  reacting  to  the  recurring  sixteen  différent  situations. 

Among  several  observations  which  the  expérimenter  was  able 
to  make  during  the  experiments,  and  which  are  merely  recorded, 
without  any  attempts  at  interprétation,  the  animal's  right-handed- 
ness  was  considered  to  be  of  sufficient  interest  to  warrant  a  brief 
référence  to  the  literature  on  this  subject,  and  to  the  fact  that  neither 
tuition,  deformity  nor  previous  injury  account  for  an  obvions  préfér- 
ence for  the  right  paw  whenever  he  is  required  to  perform  some  fairly 
difïîcult  act  that  calls  for  the  use  of  one  forepaw. 

Although,  for  the  sake  of  convenience,  the  writer  makes  use  of 
such  psychological  terms  as  "association"  and  "associative  memory, " 
he  has  attempted  to  state  his  problem,  to  investigate  it,  and  to  in- 
terpret  the  results  in  the  interests  of  an  essentially  objective  gênerai 
problem,  which  latter  has  to  do  with  the  phylogenelic  relations  of 
reaction-types.  His  particular  viewpoint  is  that  of  the  psychiatrist 
who  seelcs  points  of  contact  between  animal  reaction-types  on  the 
one  hand,  and  those  of  the  (presumably)  degenerative  insane  on  the 
other  hand. 
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AMONG    WILD   ANIMALS:    MENTAL   TRAITS 

OF   ORANGS   AND    CHIMPANZEES 

(Abstract) 
W.  T.   HORNADAY 

(i)  Négative  Results  of  In-and-In  Breeding  among  Wild 
Animais.  Amongst  animal  breeders  it  is  generally  conceded  that 
when  parents  are  closely  related,  they  transmit  their  physical  defects 
and  weaknesses  to  their  offspring.  In  domestic  animais  —  and  espe- 
cially  cattle  —  in-and-in  breeding  often  produces  a  greater  delicacy  of 
constitution  and  liability  to  disease. 

The  evil  results  of  in-and-in  breeding  hâve  been  particularly 
noticed  among  the  short-horned  cattle  types,  especially  the  members 
of  the  Bâtes  family  and  certain  families  of  Jerseys.  The  category 
stated  to  show  the  evil  effects  of  inbreeding  are:  decrease  in  size;  in- 
crease  in  delicacy  of  constitution  ;  the  transmission  of  hereditary  de- 
fects; diminution  of  procreative  powers,  and  gênerai  détérioration. 

It  is  to  be  remembered,  however,  that  ail  thèse  evil  results  apply 
to  domestic  animais,  especially  cattle  and  sheep;  but  it  is  also  true 
that  breeders  of  wild  animais  in  captivity  accept  for  wild  animais 
the  principles  that  hâve  been  observed  in  the  breeding  of  domestic 
animais.  For  this  reason,  the  owners  of  herds  of  American  bison 
hâve  up  to  this  time  felt  it  imperative  to  frequently  exchange  bulls, 
and  otherwise  introduce  new  blood. 

For  a  considérable  period  the  writer  has  believed  that  among 
wild  animais  in  a  state  of  nature  the  laws  against  the  in-and-in 
breeding  of  domestic  animais  do  not  apply.  Two  striking  practical 
démonstrations  in  support  of  this  belief  hâve  recently  come  to  the 
writer's  knowledge.  The  first  relates  to  the  red  deer  of  New  Zealand. 
In  1S62  three  animais,  consisting  of  one  maie  and  two  females, 
arrived  in  New  Zealand  as  a  gift  from  the  Royal  iierd  in  Windsor 
Park,  England.  Those  animais  were  set  free  in  one  of  the  forests  of 
New  Zealand.  At  this  date  —  forty-five  years  after  —  the  number 
of  red  deer  in  New  Zealand  are  variously  estimated  at  from  10,000 
to  20,000,  and  they  not  only  show  no  détérioration  whatever,  but, 
on  the  contrary,  the  measurements  of  their  antlers  reveal  finer  develop- 
ment  than  can  be  found  in  the  red  deer  herds  of  Europe  anywhere 
west  of  Germany. 
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Numerous  comparative  measureraents  of  antlers  from  the  red 
deer  of  New  Zealand,  England,  Ireland,  Scotland,  Norway  and 
Spain  are  set  forth.  Photographs  of  the  antlers  of  New  Zealand 
red  deer  accompany  the  paper.  The  testimony  of  New  Zealand 
observers  is  to  the  effect  that  the  New  Zealand  red  deer  are  of  greater 
bulk  and  covered  with  longer  and  naore  dense  pelage  than  tïie  red 
deer  of  Great  Britain. 

The  second  démonstration  is  found  in  the  fallow  deer  on  the 
Island  of  Lambay.  The  herd  started  from  three  individuals  —  a 
maie  and  two  females  —  that  were  placed  upon  the  island  fifteen 
years  ago,  since  which  time  no  new  blood  has  been  introduced.  Al- 
though  the  herd  is  confined  to  a  single  square  mile  of  territory,  the 
animais  roam  entirely  free,  and  are  quite  wild.  They  never  hâve 
been  fed  during  the  period  mentioned.  No  animais  hâve  died  of 
disease,  although  several  hâve  been  killed  by  falling  over  the  cliffs. 
According  to  the  testimony  of  the  owner  of  the  island  and  herd,  Mr. 
Cecil  Baring,  and  also  according  to  the  testimony  of  his  game-keeper, 
—  a  man  experienced  in  the  care  of  herds  of  deer,  —  there  has  been 
no  perceptible  détérioration  of  any  kind.  The  antlers  of  members 
of  the  herd  that  hâve  been  killed  are  fully  as  large  as  those  of  the 
best  herds  of  England,  so  far  as  can  be  ascertained,  The  measure- 
ments  of  the  antlers  show  no  détérioration  whatever. 

The  conclusion  drawn  is  that  in  a  state  of  nature  wild  animais 
do  not  deteriorate  through  in-breeding,  and  that  it  is  possible  to 
rehabilitate  a  species  with  as  few  as  three  animais.  The  conditions, 
however,  require  an  absolutely  free  range,  proper  protection  and 
abundant  food. 

It  is  the  belief  of  the  writer  that  when  buflFaloes  are  kept  in  ranges 
containing  several  square  miles  of  grazing  grounds,  herds  which  hâve 
been  started  with  sound  stock  do  not  require  the  introduction  of 
fresh  blood.  It  is  also  the  writer's  belief  that  it  is  possible  to  save 
from  extermination  any  species  which  has  been  reduced  to  a  lov/ 
point,  provided  two  or  three  strong  and  healthy  members  of  the 
herd  are  placed  in  a  state  of  nature  where  the  food  supply  is  satis- 
factory. 

(2)  Mental  Traits  of  Orangs  and  Chimpanzees.  In  attempt- 
ing  to  fathom  the  mental  capacity  and  the  mental  processes  of  animais 
generally,  there  is  the  same  superior  degree  of  interest  attaching  to 
the  study  of  wild  species  that  the  ethnologist  finds  in  the  savage 
races  of  men  that  hâve  been  unchanged  by  civilization.  For  several 
reasons,  the  great  apes  —  and  particularly  the  chimpanzees  and 
orangs  —  are  interesting  subjects  for  psychologie  study.  This  is 
due  primarily  to  the  fact  that  those  animais  most  nearly  resemble 
man,  and  also  hâve  the  power  to  give  visible  expression  to  a  wide 
range  of  thoughts  and  émotions.  The  émotions  and  passions  ex- 
hibited  by  thèse  animais  are  briefly  set  forth.     They  are  displayed 
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chiefly  by  facial  expressions;  but  in  the  case  of  the  chimpanzee, 
partly  by  the  voice.  The  voice  of  the  orang-utan  is  of  httle  use.  The 
voice  of  the  chimpanzee  is  described. 

A  comparison  of  chimpanzees  with  orang-utans  leads  to  the  con- 
chision  that,  as  a  species,  the  former  are  animais  of  nervous  tempéra- 
ment, while  the  latter  are  either  sanguine  or  lymphatic.  The  mind 
of  the  chimpanzee  is  alert  and  quick,  and  the  animal  performs  its 
various  acts  quickly  and  correctly.  Its  glance  is  keen,  its  mind  active 
and  its  memory  prompt. 

The  chimpanzee  is  equally  nervous  and  quick  in  tempcr.  Exam- 
ples of  sudden  fits  of  temper  to  whicli  it  is  subject  are  given.  The 
orang-utan  is  more  philosophie,  and  less  quick  to  take  offense.  It  is 
distinctly  an  animal  of  more  serene  temper  and  more  philosophie 
mind;  but  it  is  not  an  animal  of  morose  disposition,  or  of  mental 
inferiority  to  the  chimpanzee. 

Expériences  in  the  training  of  orangs  are  set  forth.  An  individual 
named  Rajah  was  a  born  actor,  and  enjoyed  being  trained  to  play 
a  part.  By  his  performances  he  became  famous  in  the  Zoôlogical 
Park. 

Another  individual  in  the  Zoôlogical  Park,  ecjually  intelligent, 
was  averse  to  being  trained,  and  took  no  interest  in  it.  On  the  other 
hand,  he  was  especially  gifted  as  an  origival  reasoner,  and  was  par- 
ticularly  interested  in  mechanics.  He  discovered  the  use  of  the  lever 
as  distinctly  as  Archimedes  discovered  the  use  of  the  screw;  and 
afterward  his  performances  with  the  trapeze-bar  used  as  a  lever 
were  remarkable.  The  détails  of  the  acts  performed  by  him  which 
illustrated  his  mental  processes  are  set  forth.  By  means  of  his  lever 
he  destroyed  many  of  the  fittings  of  his  cage. 

Orang-utans  and  chimpanzees  vary  individually  in  tlieir  tem- 
pérament and  mental  capacity  almost  as  much  as  do  human  beings. 
Several  instances  of  variation  are  cited. 
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THE  PROBLEM  OF  THE  VERTEBRATE   HEAD  IN  THE 
LIGHT  OF  COISIPARATIVE  ANATOMY 

(Address) 

J.  PLAYFAIR  McMURRICH 

In  the  multiplication  of  new  fields  of  inquiry  and  of  new  methods 
of  approaching  problems  the  okier  fields  and  methods  are  apt  to  be 
overlooked,  the  younger  workers,  especially,  tending  to  flock  to  the 
cuit  of  the  new  gods,  to  the  neglect  of  those  whom  their  fathers  wor- 
shipped.  From  this  tendency  comparative  anatomy  has  undoubtedly 
suffered,  but  we  may,  I  believe,  congratula  te  ourselves  that,  as  one  of 
the  oldest  departments  of  morphology,  its  loss  has  not  been  greater, 
and  that  it  still  présents  a  healthy  vitality  and  is  daily  adding  to  our 
knowledge  of  the  significance  of  structure.  That  it  has  survived  the 
attractions  of  novelty  and  is  to-day  so  flourishing,  so  associated  with 
the  names  of  workers  of  recognized  ability,  is  évidence  of  its  vitality 
and  évidence  that  it  still  forms  an  important  part  of  the  broader  field 
of  animal  morphology. 

It  is  pertinent,  therefore,  to  consider  what  this  part  may  be,  what 
is  the  relation  of  comparative  anatomy  to  the  allied  departments  of 
morphology,  and  especially  to  the  department  of  comparative  em- 
bryology.  The  formulation  of  the  Biogenetic  Law  by  Haeckel,  which 
may  be  regarded  as  a  consolidation,  in  more  gênerai  terms,  of  the 
laws  laid  down  by  von  Baer,  turned  the  attention  of  phylogenists  very 
largely  to  comparative  embryology,  and  for  many  years  it  was  the 
vogue.  Two  factors,  however,  as  time  went  on,  tended  to  detract 
from  the  popularity  of  embryology  as  an  index  of  phylogeny,  one  of 
thèse  being  a  positive  and  the  other  a  négative  factor.  For  as  in  their 
studies  embryologists  delved  deeper  and  deeper  into  the  mysteries  of 
development  their  problems  became  those  of  cytogenesis  rather  than 
those  of  phylogenesis  and,  gradually,  after  a  period  characterized  by 
the  vigorous  prosecution  of  cytogenetic  studies,  a  large  number  of 
embryologists  naturally  turned  to  the  study  of  morphogenesis  and 
were  led  into  the  new  field  of  expérimental  zoology.     This  was  the 
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positive  factor.  On  tlie  négative  side  was  the  graduai  appréciation  of 
the  fact  that  the  biogenetic  law,  although  an  important  philosophical 
principle,  was,  nevertheless,  inapplicable  in  many  détails  of  pliylo- 
genetic  importance.  In  other  words,  the  conviction  gradually  formed 
that  the  csenogenetic  modifications  of  developmental  historiés  were 
frequently,  indeed  we  may  say,  were  gênera Uy  so  extensive  as  to 
obscure  beyond  certain  récognition  the  palingenetic  features,  and 
this,  combined  with  a  diminution  of  the  interest  in  the  broader  phases 
of  phylogeny,  has  led  to  a  further  decedence  from  the  ranks  of  the 
comparative  embryologists. 

It  may  be  well,  however,  to  interpose  hère  a  few  words  in  defence 
of  the  Biogenetic  Law,  since  within  récent  years  it  has  more  than  once 
been  the  object  of  vigorous  attack.  It  is  going  too  far  to  claim  that  it 
is  not  a  law  at  ail,  that  ontogeny  is  not  a  recapitulation  of  the  phylo- 
geny. On  the  contrary,  the  law  expresses  an  important  philosophical 
principle  without  which  the  facts  of  ontogeny  would  be  for  us  merely 
an  unorganized  mass  of  phenomena,  and  therefore  without  true 
scientific  value.  For  even  though  we  cannot  say  that  at  any  stage  of 
its  development  the  human  embryo  is  assignable  to  the  class  Pisces, 
and  at  another  to  the  class  Reptilia  and  at  still  another  to  the  order 
Monotremata,  yet  the  mère  occurrence  of  piscine,  reptilian  and 
monotreme  characteristics  at  definite  stages  is  intelligible  only  in  the 
light  of  the  Biogenetic  Law.  We  hâve  expected  too  much  from 
ontogeny  in  the  way  of  a  guide  to  phylogeny,  and,  in  their  disap- 
pointment,  some  hâve  followed  the  suggestion  of  the  advisers  of  the 
patriarch  and  hâve  cursed  the  law  and  forsaken  phylogenetic  em- 
bryological  studies. 

But  just  as  embryology  in  the  course  of  évolution  became  cyto- 
genetic  in  its  outlook,  so  too  it  gave  rise  to  what  may  be  termed  an 
intermediate  stage,  whose  fuller  development,  however,  rather  suc- 
ceeded  than  antedated  the  cytogenetic  stage.  I  mean  the  application 
of  embryology  to  what  may  be  termed  organ-morphogenesis.  The 
results  in  this  field  hâve  certainly  amply  justified  its  cultiva tion,  and 
we  are  now  in  possession  of  important  séries  of  facts  which  illuminate 
the  structure  of  adult  organs,  especially  in  the  vertebrates.  Hère, 
however,  as  well  as  in  gênerai  embryological  studies,  the  province  of 
embryology  has  been  mainly  to  reveal  the  varions  processes  which  dé- 
termine the  final  structure  of  an  organ  in  the  adult,  and  has  but  im- 
perfectly  revealed  the  phylogenetic  history.  To  take  but  one  concrète 
example,  embryological  studies  hâve  revealed  most  clearly  the  struc- 
tural significance  of  the  sub-lingual  (alveolo-lingual)  salivary  gland, 
demonstrating  its  composition  by  a  number  of  individual  glands, 
each  of  which  is  comparable  to  the  parotid  or  submaxillary 
gland,  but  it  cannot  be  supposed  that  the  origin  of  thèse  and  other 
glands  as  soUd  epithelial  downgrowths  into  the  subjacent  mesenchyme 
has  any  phylogenetic  significance.     Hère,  as  elsewhere,  we  are  con- 
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fronted  by  a  mingling  of  palingenetic  and  cœnogenetic  phenomena, 
the  lutter  markediy  obscuring  the  former.  Indeed,  in  some  cases  tlie 
obscuration  is  even  more  marked  than  in  the  case  just  mentioned.  In 
the  stuches  which  for  some  time  I  hâve  been  carrying  on  upon  the 
phylogeny  of  the  muscles  of  the  human  antibrachium  and  crus  I  very 
soon  found  that  the  embryological  method  could  not  be  relied  upon  to 
give  a  distinct  picture  of  the  historical  development  of  the  muscles. 
This  is  not  the  case  with  ail  muscles,  for  the  observations  of 
Lewis  '  on  the  human  embryo  hâve  revealed  migrations  of  muscles, 
such  as  the  pectorales,  latissimus  dorsi,  trapezius  and  the  infra-hyoid 
group,  which  are  probably  of  phylogenetic  significance.  But  the 
muscles  of  the  antibrachium  and  crus  appear  in  the  same  number 
and  with  essentially  the  same  arrangement  that  they  présent  in  the 
adult,  and  ail  the  complicated  phylogeny  through  which  they  hâve 
undoubtedly  passed  is  indistinguishable. 

The  fact  has  not  been  sufiîciently  appreciated  that  the  embryo  as 
well  as  the  adult  has  been  subject  to  the  forces  which  détermine 
évolution,  and  that  thereby  the  phylogenetic  history  has  become 
greatly  condensed  and  obscured,  Consequently,  while  yielding  data 
of  the  highest  importance  for  the  proper  understanding  of  adult 
structure,  embryology  does  not  afïord  a  direct  démonstration  of  the 
phylogeny  of  the  organism.  For  this  more  reliable  results  are  to  be 
obtained  in  the  majority  of  cases  from  comparative  anatomy,  and  yet 
even  in  the  prosecution  of  this  method  we  are  confronted  with  diffi- 
culties  due  —  paradoxical  as  the  statement  may  seem  —  on  the  one 
hand  to  a  superabundance  of  data,  and  on  the  other  to  great  gaps  in 
the  séries  at  our  disposai.  The  adaptations  of  structure  are  so  mani- 
fold,  the  lines  of  divergent  évolution  so  numerous,  that  the  anatomist 
must  frequently  find  himself  at  a  loss  to  say  which  of  several  possi- 
bilities  represents  a  stage  in  the  phylogeny  of  a  definite  organ.  Only 
by  the  study  of  ail  the  possibilities  can  the  most  probable  be  selected, 
and  even  then  we  are  handicapped  by  the  loss  of  many  important  links, 
transitional  forms  which  would  make  the  séries  complète  having 
become  extinct.  No  matter  how  thorough  may  be  our  study,  how  ex- 
tensive  the  séries  examined,  the  gaps  which  we  mu'st  bridge  by  con- 
jecture must  necessarily  render  phylogenetic  déductions  based  on 
comparative  anatomy  merely  tentative.  But  with  thèse  failings  it 
seems  that  as  a  rule  the  results  of  comparative  anatomy  as  applied 
to  phylogeny  are  more  reliable  than  those  of  embryology.  The  latter 
gives  us  unimpeachable  results  concerning  the  morphogenesis  of 
organs;  the  former,  based  as  it  is  upon  the  doctrine  of  descent  with 
modifications,  is  the  phylogenetic  method. 

But  yet,  as  Gegenbaur^  clearly  pointed  out  nearly  twenty  years  ago, 

*  Lewis,  W.  H.,  The  Development  of  the  Arm  in  Man,  Am.  Jour.  Anat.,  1, 
1902. 

^  Gegenbaur,  C,  Ontogenie  und  Anatomie  in  ihren  Wechselhezichungen  be- 
trachtet,  Morph.  Jahrbs.,  15,  1899. 
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final  resiilts  can  only  be  obtained  by  the  combination  of  the  two 
methods.  The  biogenetic  law  underlies  the  processes  of  ontogeny,  and 
the  resuks  of  comparative  anatomy  may  in  many  cases  be  corrected 
and  illuminated  by  the  results  of  embryological  studies.  The  two 
studies  miist  go  hand  in  hand,  and  if  we  are  to  secure  a  clear  idea  of 
the  significance  of  structure  we  must  prosecute  with  renewed  energy 
the  field  both  of  comparative  anatomy  and  embryology. 

Ail  this  is  in  the  nature  of  an  explanation  and,  in  a  way,  of  an 
apology  for  directing  your  attention  to  an  attempt  to  apply  certain 
results  of  comparative  anatomy  to  the  solution  of  a  problem  which  has 
hitherto  been  attacked  principally  from  the  embryological  side,  and, 
it  must  be  confessed,  without  securing  results  altogether  satisfactory. 
I  mean  the  problem  of  the  vertebrate  head.  Certainly  it  seems  at 
first  sight  that  hère,  if  anywhere,  the  imperfections  of  our  material 
must  be  a  serions  bar  to  a  successful  application  of  the  comparative 
anatomical  method.  The  gaps  are  enormous,  it  is  true,  but  my  pur- 
pose  is  not  to  présent  a  finished  picture  of  the  évolution  of  the  verte- 
brate head,  but  rather  to  call  your  attention  to  certain  facts  of 
comparative  anatomy  whose  bearing  on  the  problem  hâve  not  been 
sufEciently  appreciated  and  to  présent  certain  ideas  which  their 
application  to  the  problem  suggests. 

And  first  of  ail  I  would  refer  to  the  doctrine  of  the  nerve  com- 
ponents,  one  of  the  most  important  contributions  to  our  knowledge 
of  the  peripheral  nerves,  since  the  days  of  Bell  and  Majendie.  We  are 
accustomed  to  speak  glibly  of  Belî's  law,  applying  it  to  the  two- 
root  conception  of  peripheral  nerves,  but,  as  a  rule,  we  overlook  the 
fact  that  Bell  was  the  exponent  of  a  three-root  idea,  recognizing, 
(1)  motor  roots  of  common  voluntary  motion,  (2)  sensory  roots,  and 
(3)  motor  roots  associated  with  muscles  concerned  in  respiration,  the 
assumption  of  this  third  set  of  roots  giving  historical  significance  to 
the  term  "internai  respiratory  nerve"  long  given  by  English  anato- 
mists  to  the  long  thoracic.  Bell's  récognition  of  a  third  set  of  roots 
was,  however,  overshadowed  by  the  importance  of  the  distinction 
between  the  sensory  and  common  motor  roots,  and  furthermore  his 
identification  and  interprétation  of  the  third  roots  were  not  quite 
satisfactory.  He  must,  however,  be  regarded  as  the  forerunner  of 
His,  who,  on  embryological  grounds,  demonstrated  the  existence  of  a 
third  set  of  roots  in  the  cérébral  région,  characterized  both  by  their 
supply  to  the  ventral  mesoderm  of  the  head  and  by  the  location  of  their 
nuclei  of  origin.  In  the  cérébral  région  we  now  recognize  as  thoroughly 
established  the  existence  of  (1)  sensory  roots,  (2)  médian  motor  roots, 
and  (3)  latéral  motor  roots. 

In  1886  Gaskell  ^  made  a  further  important  contribution  to  the 
analysis  of  the  peripheral  nerves,  recognizing  anterior,  latéral  and 

'  Gaskell,  W.  H.,  On  the  Structure,  Distribution  and  Function  of  the  Nerves 
which  innervate  the  Viscéral  and  Vascular  Systems,  Jour.  Physiol.,  8,  1886. 
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posterior  sets  of  roots,  the  first  set  being  somatic  in  distribution,  the 
second  divisible  into  non-ganglionated  and  ganglionated  splanchnic 
motor  roots,  and  the  third  into  somatic  and  splanchnic  sensory  roots. 
Increased  knowledge  of  the  relations  of  fibres  to  cells  and  of  the 
structure  of  the  sympathetic  System  has  deprived  Gaskell's  category 
of  ganglionated  motor  roots  of  the  standing  to  which  he  assignée!  it, 
but  the  récognition  of  somatic  and  splanchnic  sensory  components 
was  an  important  step  which  leads  to  the  final  establishment,  mainly 
through  the  observations  of  Strong^  and  Herrick"  in  this  country,  of 
three  sets  of  components  in  the  sensory  cérébral  nerves,  namely  a  set 
of  somatic  components,  one  of  splanchnic  components  and  one  of 
latéral  Une  components,  the  last  in  terrestrial  vertebrates  being  rep- 
resented  only  by  the  acoustic  nerve. 

There  are  then  recognizable  in  the  vertebrate  cérébral  région  two 
sets  of  motor  nerve  components  and  three  sets  of  sensory  components, 
and  it  will  be  interesting  to  note  briefly  some  of  the  morphological 
relations  of  thèse  différent  sets.  In  the  first  place  it  is  noticeable  that 
the  médian  motor  components  always  occupy  an  isolated  position, 
never  being  associated  with  other  components  but  forming  independ- 
ent  nerves,  such  as  the  third,  fourth,  sixth  and,  when  it  is  présent  as 
a  cérébral  nerve,  the  twelfth.  On  the  other  hand  the  latéral  motor 
components  are  always  associated  with  sensory  components. 

Secondly,  while  peripherally  the  varions  sensory  components  are 
associated  with  the  latéral  motor  components  in  the  fifth,  seventh, 
ninth  and  tenth  nerves,  centrally  each  set  of  components  concentrâtes 
to  a  definite  area  of  the  brain,  the  somatic  components  to  the  lobus 
trigemini,  the  splanchnic  components  to  the  lobus  vagi,  and  the 
latéral  line  components  to  the  lobus  linese  lateralis.  In  other 
words,  while  the  sensory  components  peripherally  share  in  the  seg- 
mentai distribution  of  the  latéral  motor  components,  their  central 
terminations  give  no  évidence  of  a  corresponding  segmentai  arrange- 
ment. 

Thirdly,  the  latéral  motor  components  are  supplied  to  the  muscles 
of  the  branchial  arches,  which,  as  von  Wijhe  long  ago  pointed  out, 
are  derivatives  of  the  ventral  mesoderm.  The  development  of  thèse 
muscles,  their  primary  constrictor  arrangement,  and  their  supply  by 
the  latéral  motor  components  indicate  that  they  belong  to  an  entirely 
différent  category  from  the  somitic  muscles  supplied  by  the  médian 
motor  components.  And,  furthermore,  both  embryology  and  com- 
parative anatomy  présent  strong  évidence  that  the  branchiomerism 
is  something  primarily  quite  distinct  from  the  gênerai  metamerism 
of  the  body,  and,  as  will  be  seen  later  on,  probably  antedates  it  so  far 
as  the  head  région  is  concerned. 

»  Strong,  O.  S.,  The  Cranial  Nerves  of  Amphibia,  Jour.  Morph.,  10,  1895. 
2  Herrick,  C.   J.,  The  Cranial  and  First  Spinal   Nerves  of  Menidia,  Jour, 
Camp.  Neurol.,  9,  1899. 
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And,  fourthly,  there  must  be  mentioned  the  lack  of  segmentai 
harmony  in  the  dorsal  and  ventral  roots  of  the  spinal  nerves  of  the 
lower  vertebrates.  This  is  a  point  to  which  too  little  attention  has 
been  paid  by  the  embryologists,  who  hâve  worked  with  the  two-root 
plan,  the  usually  accepted  law  of  Bell,  before  their  eyes  and  hâve 
endeavored  to  reduce  the  cérébral  nerves  to  conformity  with  the  ap- 
parent two-rooted  condition  shown  by  the  spinal  nerves. 

Each  of  thèse  four  points,  it  seems  to  me,  has  its  own  profound 
significance  in  connection  with  the  problem  of  the  vertebrate  head, 
and  first  of  ail  the  bearing  of  the  last-mentioned  point  may  be  con- 
sidered.  To  avoid  too  great  monopolization  of  your  time  I  may  omit 
a  thoroiigh  considération  of  the  composition  of  the  nerve  roots  in  the 
lower  vertebrates  and  consider  only  that  of  Branchiostoma,  a  form 
which,  from  the  time  of  Kowalewsky's  epoch-making  observations 
upon  its  embryology,  must  be  taken  into  considération  in  ail  discus- 
sions of  the  vertebrate  head.  As  is  well  known,  ti.ere  are  in  this  form 
two  separate  and  distinct  sets  of  nerve  roots,  one  arising  from  the 
dorso-lateral  portion  of  the  central  nervous  System  and  the  other  from 
the  more  médian  ventral  portions.  The  latter  roots  are  distributed  to 
the  metameric  muscles  and  may,  therefore,  at  once  be  regarded  as 
représentatives  of  the  médian  motor  components  of  higher  forms,  but 
with  regard  to  the  dorsal  set  of  roots  the  matter  is  not  so  plain.  This 
much  is  certain,  however,  that  they  consist  largely  of  sensory  com- 
ponents, some  of  which  are  distributed  to  the  external  in  tégument  and 
others  again  to  the  viscéral  epithelium  (Heymans  and  Van  der  Stricht)^ 
and  we  may  therefore  assume  that  thèse  components  represent  the 
two  principal  sets  of  sensory  components  of  the  vertebrates,  namely 
the  somatic  sensory  and  the  splanchnic  sensory.  But,  furthermore, 
fibres  from  the  dorsal  roots  also  penetrate  the  substance  of  the  trans- 
verse muscle  "and  end  there  in  a  more  or  less  marked  enlargement, 
analogous  to  the  termination  of  nerve  fibres  in  smooth  muscles" 
(Heymans  and  Van  der  Stricht).  Unfortunately  we  are  not  yet  in 
possession  of  definite  information  as  to  the  embryological  origin  of 
this  musculature,  but  it  is  noteworthy  that  it  présents  certain  features 
in  common  with  the  labial  and  viscéral  muscles  and  seems  to  belong  to 
the  category  of  thèse  rather  than  to  the  somitic  musculature.  If  this 
be  correct  then  the  motor  components  which  occur  in  the  dorsal  roots 
may  be  regarded  as  représentatives  of  the  latéral  motor  components  of 
higher  forms,  and  the  dorsal  roots  are  therefore  composed  of  somatic 
sensory,  splanchnic  sensory  and  latéral  motor  components,  as  has  been 
maintained  on  other  grounds  by  J.  B.  Johnston.^ 

The  existence  of  distinct  dorsal  and  ventral  roots  in  Branchiostoma 

*  Heymans,  J.  F.,  and  Van  der  Stricht,  O.,  Sur  le  système  nerveux  périphéri- 
que de  l'amphioxus  et  en  particulier  sur  le  constitution  et  la  genèse  des  racines 
sensibles.     Mem.  Couronnés  Acad.  Roy.  Belgique,  57,  1897. 

'  Johnston,  J.  B.,  The  Cranial  and  Spinal  Ganglia  and  the  Viscero-motor 
Roots  in  Amphioxus.    Biolog.  Bull.,  9,  1905. 
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and  Petrorayzon  and  the  peculiarities  which  the  roots  présent  in  even 
higher  forms  indicate  clearly  the  primitive  distinctions  of  the  two 
roots,  and  if  the  conchisions  drawn  above  as  to  the  composition  of  the 
dorsal  root  of  Branchiostoma  be  correct,  we  are  confronted  by  an 
interesting  similarity  between  it  and  the  cérébral  nerves  which  possess 
latéral  motor  components,  namely  the  trigeminns,  facialis  and  glos- 
sopharyngeo-vagus.  Far  then  from  the  cérébral  nerves  presenting 
a  highly  modified  arrangement  as  compared  with  the  spinal  nerves, 
they  hâve  preserved  more  perfectly  the  primary  arrangement,  a  set  of 
roots  eonsisting  of  somatic  sensory,  splanchnic  sensory  and  latéral 
motor  components,  quite  separate  and  distinct  from  a  set  of  médian 
motor  components  represented  by  the  third,  fourth,  sixth  and  twelfth 
nerves.  Instead  then  of  attempting  to  reduce  the  cérébral  nerves  to 
the  type  of  the  spinal,  our  object  should  be  to  analyze  the  spinal  nerves 
to  the  type  of  the  cérébral. 

The  fibres  which  arise  from  the  anterior  horn  cells  of  the  cord  seem 
beyond  question  to  be  identical  with  the  cérébral  médian  motor  com- 
ponents, a  transition  between  the  two  being  afïorded  by  the  fibres  of 
the  hypoglossal  nerve,  thèse  being  primarily  spinal  fibres,  which  hâve 
secondarily  become  cérébral  by  the  taking  up  of  the  scleromeres  to 
which  they  correspond  into  the  occipital  région  of  the  skull.  The 
position  of  their  nuclei  of  origin  and  their  comparative  anatomical  and 
embryological  history  is  ample  évidence  of  their  homodynamy  with, 
on  the  one  hand  the  anterior  horn  neurones  of  the  spinal  cord  and  on 
the  other  the  médian  motor  nerves  of  the  cérébral  région.  So,  too, 
there  is  little  difficulty  in  recognizing  in  the  dorsal  roots  of  the  spinal 
nerves  représentatives  of  the  somatic  and  splanchnic  sensory  com- 
ponents of  the  cérébral  nerves.  But  with  the  latéral  motor  compo- 
nents the  case  is  not  so  simple.  It  lias  been  shown,  however,  that 
the  column  of  cells  from  which  the  white  rami  communicantes  take 
their  origin,  situated  in  the  intermediate  région  of  the  spinal  cord,  is 
continued  forwards  in  the  lower  vertebrates  into  the  nuclei  of  origin 
of  the  motor  fibres  of  the  glossopharyngeo-vagal,  facial  and  trigeminal 
nerves,  and,  furthermore,  the  fact  that  the  distribution  of  the  sympa- 
thetic  neurones,  with  which  the  white  rami  communicate,  is  to  the 
ventral  mesoderm,  just  as  is  that  of  the  latéral  motor  components  of 
the  cérébral  nerves,  thèse  facts  indicate  an  equivalency  of  the  rami 
communicantes  and  the  efïerent  sympathetic  neurones  with  the  céré- 
bral latéral  motor  components.  Certain  apparent  difficulties  stand  in 
the  way  of  this  homology,  it  is  true,  such,  for  instance,  as  the  fact  (1) 
that  the  musculature  supplied  by  the  sympathetic  fibres  are  entirely 
non-striated  while  those  supplied  by  the  cérébral  latéral  motor  com- 
ponents are  striated,  and  (2)  that  while  the  cérébral  components  ter- 
minate  directly  upon  the  muscles,  a  second  peripheral  neurone 
intervenes  between  the  white  rami  fibres  and  the  end  organ.  The 
first  named  difficulty  cannot  be  considered  a  serions  one,  since  it 


174      \^I.  INTERNATIONAL  ZOÔLOGICAL  CONGRESS 

seems  clear  that  the  différence  between  non-striated  and  striated 
musculature  is  a  functional  rather  than  a  morphological  one;  wit- 
ness  the  occurrence  of  striated  fibres  in  the  rapidly  contracting  ad- 
ductor  muscle  of  Pecten  and  the  occurrence  of  only  non-striated 
fibres  in  the  slowly  contracting  adductor  of  Ostrea.  The  second 
difficulty  raay  be  more  serions,  but  until  we  know  more  as  to  the 
processes  determining  the  linking  together  of  neurones  we  are  unable 
to  estimate  its  importance.  In  the  meantime  the  évidence  at  our  dis- 
posai points  strongly  to  the  équivalence  which  is  being  discussed, 
and  it  may,  with  some  réservation,  be  accepted,  The  association  of 
the  white  rami  fibres  with  the  médian  motor  components  in  the 
higher  forms  seems  clearly  a  secondary  phenomenon  in  view  of  what 
has  already  been  pointed  out  regarding  the  primary  association  of 
the  viscéral  motor  components  with  the  dorsal  roots,  and  the  egress 
of  the  roots  of  the  accessory  nerve  from  the  sides  of  the  cord  is  évi- 
dence of  the  possibility  possessed  by  nerve  fibres  of  altering  their 
course,  the  accessory  nerve  being  undoubtedly  a  downward  prolon- 
gation of  the  latéral  motor  component  of  the  vagus  nerve. 

I  shall  not,  however,  occupy  your  time  by  discussing  this  question 
more  fuUy.  I  hâve  tried  to  show  that  the  spinal  nerves  présent  essen- 
tially  the  same  components  as  the  cérébral  (leaving  the  latéral  line  and 
spécial  sensory  components  out  of  the  question),  and  furthermore 
that  there  is  a  primary  and  fundamental  independence  between  the 
somatic  and  splanchnic  motor  components,  this  independence  being 
most  perfectJy  retained  in  the  cérébral  nerves  of  the  higher  forms. 
One  other  point,  already  suggested,  may  also  be  recalled,  namely, 
that  the  central  arrangement  of  the  cérébral  sensory  components  being 
non-metameric  is  an  indication  that  primarily  the  cérébral  région  was 
non-metameric.  The  mère  suggestion  of  such  an  idea  is,  I  am  aware, 
quite  sufficient  to  cause  some  to  regard  me  as  having  taken  up  a  rési- 
dence i)i  partibus  infidelihus ,  but  I  make  the  suggestion  with  a  due 
appréciation  of  the  embryological  existence  of  neuromeres  and  of  head 
cavities.  I  hâve  already  pointed  out  the  existence  of  branchiomerism 
in  the  cérébral  région,  but  this  is  something  quite  apart  from  what  we 
speak  of  as  metamerism,  and  affects  only  the  ventral  mesoderm  and 
the  parts  associated  with  it.  Metamerism  on  the  other  hand  in  the 
vertebrates  affects  the  dorsal  mesoderm  and  the  parts  associated  with 
it  and  perhaps  also  the  intermediate  cell  mass,  the  ventral  meso- 
derm, endoderm,  and  the  central  nervous  system  presenting  no  traces 
of  metamerism  other  than  what  may  hâve  been  secondarily  imposed 
upon  them  by  the  metamerism  of  the  dorsal  mesoderm. 

We  hâve  seen  that  the  latéral  or  splanchnic  motor  components 
of  the  head  are  probably  represented  in  the  trunk  région  by  the  white 
rami  communicantes  and  the  efferent  sympa thetic  fibres,  and  a  mo- 
ment may  profitably  be  spent  in  considering  the  distribution  of  the 
sympathetic  System  in  the  lower  vertebrates.     It  is  a  point  of  some 
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importance,  perhaps,  as  bearing  upon  the  equivalency  just  mentioned, 
that  in  the  lower  forms  the  sympathetic  System  does  not  extend  into 
tlie  head  région  ;  that  is  to  say  the  cephahc  sympathetic  gangha  hâve 
not  yet  differentiated  from  the  posterior  root  gangha,  and  furthermore, 
the  very  embryological  origin  of  the  sympathetic  ganghon  cells  from 
the  posterior  root  gangha  may  be  of  no  littîe  significance  in  connection 
with  what  has  already  been  said  as  to  the  primary  association  of  the 
viscéral  motor  components  with  the  sensory  components.  But  it  is 
to  the  hmitations  of  the  sympathetic  System  posteriorly  that  I  wish 
to  direct  your  attention  just  now.  In  the  Selachians  some  small 
gangha  hâve  been  found  in  the  posterior  part  of  the  abdomen,  but 
there  is  no  continuation  of  the  System  in  the  form  of  gangha  or  cords 
into  the  caudal  région  (Chevrel)  ;  ^  in  Ammocetes  Julin  -  found  the 
last  pair  of  sympathetic  ganglia  to  be  situated  some  distance  in  front 
of  the  cloacal  aperture,  this  being  at  the  level  of  the  70th  pair  of  spinal 
nerves,  while  the  last  sympathetic  ganglia  was  at  the  level  of  the  64th 
nerve;  and  in  Branchiostoma  the  last  viscéral  branches  given  ofî  from 
the  dorsal  roots  are  distributed  to  the  neighborhood  of  the  abdominal 
pore  (He}Tiians  and  Van  der  Stricht).^  In  the  teleosts  and  in  higher 
forms  the  s}Tnpathetic  trunks  are  continued  into  the  caudal  région, 
but  in  the  lower  forms  this  is  not  the  case,  and  in  thèse  therefore  the 
body  may  be  divided  into  an  anterior  région  characterized  by  pos- 
sessing  both  motor  components,  and  a  posterior  or  caudal  région 
possessing  only  somatic  components, 

We  hâve  évidence  then  in  living  vertebrates  of  a  backward  ex- 
tension of  the  splanchnic  motor  components  and  the  splendidly  sug- 
gestive work  of  Furbringer  *  on  the  spino-occipital  nerves  has  given 
clear  démonstration  of  a  forward  migration  of  the  mesodermic  somites 
with  their  accompanying  somatic  motor  components,  a  démonstration 
which  must  stand  as  one  of  the  most  important  contributions  to  ver- 
tebrate  morphology  of  the  closing  décades  of  the  nineteenth  century. 
Adding  to  thèse  important  indications  the  primary  distinction  of  the 
somatic  and  splanchnic  components,  may  we  not  go  a  step  further  and 
picture  as  the  ancestral  vertebrate  a  Protochordate  in  which  the 
distinctions  of  the  two  sets  of  components  was  more  marked  topograph- 
ically,  one  in  which  no  migration  backwards  of  the  one  or  forwards  of 
the  other  had  yet  taken  place.  The  body  of  such  a  form  would  pré- 
sent an  anterior  portion  containing  the  entire  viscéral  mass,  possessing 
branchiomerism  but  no  metamerism,  and  an  unsegmented  portion  of 
the  central  nervous  System  from  which  arose  nerves  containing  somatic 
or  cutaneous,  splanchnic,  and  latéral  Une  sensory  components  and 

'  Chevrel,  R.,  Sur  ranatomie  du  système  nerveux  grand  sympathique  des 
Elasmobranches  et  des  Poissons  osseux.    Arch.  Zool.  expér.  et  gén.,  (2)  5  bis.  1887. 

^  Julin,  C,  Le  système  nerveux  grand  sympathique  de  l'Ammocoetes  (Pet- 
romyzon  Planeri).     Anat.  Anzeiger,  2,  1887. 

^  Loc.  cit. 

*  Furbringer,  M.,  Ueber  die  spino-occipitalen  Nerven  der  Selachier  und  Hol- 
ocephalen  und  ihre  vergleichende  Morpiiologie.    Festschrift  fur  Gegenbaur,  3, 1896, 
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latéral  motor  components  ;  and  a  posterior  région  destitute  of  viscera, 
possessing  metamerism  and  a  portion  of  the  central  nervou.s  System, 
also  unsegmented,  from  which  arose  médian  motor  components. 

It  may  not  be  amiss  to  state  hère  that  I  started  upon  the  Une  of 
thought  presented  in  this  address  in  the  endeavor  to  find  an  ex- 
planation  for  the  occurrence  of  the  two  sets  of  motor  components  in 
the  cérébral  région  and  without  definite  expectation  as  to  what  it 
might  lead  to  in  connection  with  the  question  of  the  phylogeny  of  the 
vertebrates.  I  hâve  presented  the  links  of  my  argument  in  essentially 
the  order  in  which  they  originally  occurred  to  me,  and  I  may  say,  in  ail 
candor,  that  the  hypothetical  ancestral  protochordate  to  which  they 
led  was  a  surprise  to  me  in  its  remarkable  resemblance  to  the  tunicate 
appendicularian  larva.  The  assumption  of  such  a  form  as  typical  of 
the  ancestral  vertebrate  is  no  new  idea,  but  the  difïiculties  in  perceiving 
how  such  a  form  could  be  transformed  into  the  apparently  completely 
metameric  vertebrate  hâve  always  been  a  stumbling-block  in  the  way 
of  its  gênerai  acceptance.  But  if  we  accept  the  idea  of  a  migration  of 
one  région  over  the  other,  indications  of  whose  occurrence  are  before 
us,  it  is  not  difficult  to  imagine  the  development  of  a  Branchiostoma, 
and  by  the  later  degeneration  of  the  anterior  somites,  of  whose  occur- 
rence we  hâve  also  clear  indications,  the  transition  to  the  vetrebrates 
proper  is  comparatively  simple. 

It  is  impossible  on  an  occasion  such  as  the  présent  to  enter  into 
a  discussion  of  the  multiplicity  of  détails  which  are  essentially  con- 
nected  with  such  a  question.  It  would  be  interesting  to  consider  the 
structure  of  the  central  nervous  System  and  of  the  skull  in  the  light  of 
the  suggestion,  and  to  refer  to  the  remarkable  recession  of  organs, 
seen  in  the  ontogeny  of  the  higher  vertebrates,  to  the  distribution  of 
the  vagus  nerve  and  to  the  numerous  cephalic  somites  described  in 
Torpédo  embryos  by  G.  Killian  and  Dohrn.  And  on  the  other  hand 
I  hâve  purposely  avoided  the  discussion  of  many  difïiculties,  many  of 
them  apparent  rather  than  real,  which  will  readily  occur  to  any  one, 
such  for  instance  as  that  offered  by  the  development  of  the  eye  muscles. 
This  and  many  another  question  will  need  further  examination  before 
its  bearing  on  the  suggested  ideas  can  be  properly  appreciated.  My 
object  lias  not  been  to  establish  a  phylogeny  for  the  vertebrates,  but 
merely  to  direct  your  attention  to  the  results  of  the  application  of  the 
comparative  anatomical,  deductive,  or  analytic  method  to  the  problem 
of  the  vertebrate  head,  and,  incidentally,  to  suggest  a  possible  phylo- 
genv  for  the  vertebrates  which  results  from  the  line  of  thought  fol- 
lowed.  When  the  deductive  method,  as  in  the  présent  instance,  leads 
one  step  by  step  to  a  form  approximately,  indeed  we  may  say  remark- 
ably,  represented  by  existing  organisms,  its  results  are  certainly 
worthy  of  very  serions  considération,  and  it  is  on  this  ground  that  I 
hâve  ventured  to  présent  them,  heterodox  though  they  may  be  in  the 
opinion  of  many. 


UEBER  DAS  ALLGEMEINE  VORKOMMEN  DER  KRAUSE'- 
SCHEN  MEMBRAN  UND  DES  STREIFENS  Z  BEI 
QUERGESTREIFTEN   MUSKELFASERN 

STEPHAN  APÀTHY 

Wahrend  das  Vorkommen  von  quergestreiften  Muskelfasern  bei 
den  verschiedensten  Typen  des  Thierreichs  seit  langer  Zeit  bekannt 
war,  galt  die  Krause'sche  Merabran,  beziehungsweise  der  Streifen  Z 
fiir  eine  besondere  Eigenthùmlichkeit  der  quergestreiften  Muskel- 
fasern der  Chordaten  und  der  Arthropoden.  Noch  im  Jahre  1900 
stellte  Prenant  in  dieser  Hinsicht  die  Muskelfasern  der  Chordaten 
(mit  Ausnahme  der  Tunicaten)  und  der  Arthropoden  denen  der 
ubrigen  Wirbellosen  entgegen.  Bereits  damais  hatte  ich  in  Ver- 
bindung  mit  Herrn  lan  Boeke  aus  Amsterdam,  welcher  zu  jener 
Zeit  bei  mir  in  Kolozsvâr  arbeitete,  Untersuchungen  angefangen,  um 
die  Krause'sche  Membran  und  den  Streifen  Z  auch  bei  anderen  Wir- 
bellosen nachzuweisen.  Und  wir  konnten  in  der  That  in  Pràparaten 
von  Sagitta  und  Pecten,  die  Boeke  nach  meinen  Anweisungen  dar- 
gestellt  hatte,  die  Krause'sche  Membran  und  den  Streifen  Z  deutlich 
difïerenziren,  Da  aber  Boeke  zu  anderen  Studien  uberging  und  ich 
die  Beobachtungen  noch  weiter  fortsetzen  wollte,  so  blieben  unsere 
damaligen  Resultate  unveroffentlicht. 

Erst  nachher  erfuhr  ich,  das  O.  Nasse  schon  vor  langer  Zeit  ahn- 
liche  Angaben  machte  und  das  Vorhandensein  der  Krause'schcn 
Membran  auch  bei  Medusen,  namentlich  bei  Carmarina,  behauptete 
und  Muskelfasern  von  Carmarina  mit  dem  Streifen  Z  sogar  ab- 
bildete.  Dadurch  wurde  ich  angeregt,  raein  besonderes  Augenmerk 
auf  Carmarina  zu  richten,  umsomehr,  als  es  bei  der  Technik  und  den 
angewandten  optischen  Hilfsmitteln  von  Nasse,  namentlich  bei  der 
von  ihm  benutzten  Beleuchtung  mit  engern  Beleuchtungskegel  kei- 
neswegs  ausgeschlossen  schien,  dass  das,  was  er  als  Streifen  Z  (Krau- 
se'sche Membran)  beschrieb,  eïn  optisches  Kunstprodukt  gewesen  ist. 
Neben  Carmarina  habe  ich  in  dieser  Hinsicht  schon  1901  auch 
Tunicaten,  besonders  die  im  Golfe  von  Napoli  so  gewohnlichen, 
grossen  Salpen  eingehend  untersucht.  Ich  habe  sowohl  bei  Car- 
marina als  auch  bei  Salpen  die  Krause'sche  Membran,  beziehungs- 
weise den  Streifen  Z  im  reinen  Farbenbilde,  mit  Ausschluss  einer 
jeden  IMoglichkeit  von  Tâuschung  nachweisen  konnen.  Leider  kam 
ich  bis  jetzt  noch  nicht  dazu,  meine  Beobachtungen  zu  verofFent- 
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lichen,  die  ich  allmahlich  auf  beinahe  allerlei  wirbellose  Thiere  mit 
qiiergestreiften  Muskeln  ausdehnte. 

Im  Jahre  1904  berichtigte  Prenant  seine  friiheren  Angaben 
dahin,  dass  die  Krause'sche  Membran  bei  Pecten  und  Sagitta  doch 
vorkomme,  bei  Tunicaten  aber  entschieden  fehle.  Er  habe  sie 
dort  trotz  sorgfaltigster  Untersuchung  nicht  finden  kbnnen.  Medu- 
sen  hatte  er  nicht  untersucht. 

Es  sei  mir  nun  gestattet,  Einiges  von  meinen  beziigHchen  Be- 
obachtungen  hier  kurz  zusammenzufassen.  Ausser  wegen  der  kiirz 
bemessenen  Zeit,  will  ich  besonders  desshalb  kurz  sein,  weil  es  mir 
diesmal  hauptsachhch  darauf  ankommt,  die  Zwischenscheibe  bei 
Pecten,  Sagitta,  Salpa  und  Carmarina,  bei  welchen  sie  verhiiltniss- 
massig  am  leichtesten  nachweisbar  ist,  zu  demonstriren.  Von  an- 
deren  Wirbellosen,  bei  denen  ich,  naturhch  ausser  bei  sammthchen 
Klassen  der  Arthropoden,  die  Zwischenscheibe  nachgesehen  zu 
haben  glaube,  besitze  ich  keine  so  beweisende  Pràparate,  wie  von 
den  eben  erwahnten  Thieren.  NamentKch  ist  es  mir  bis  jetzt  nicht 
gekmgen,  befriedigende  Pràparate  von  der  Herzmuskulatur  der 
Pulmonaten  darzustellen,  obwohl  hier  die  Querstreifung  sonst  recht 
deuthch  zu  sehen  ist. 

Die  Ursache  davon,  dass  die  nun  zu  demonstrirende  Zwischen- 
scheibe friiheren  Beobachtern  entgangen  war,  suche  ich  darin,  dass 
sie  in  der  That  nur  bei  gewissen  Contractionszustânden,  und  zum 
Theil  selbst  dann  nur  mit  den  besten  Linsen  und  bei  geeigneter 
Fiirbung  und  Beleuchtung,  zu  sehen  ist.  Man  muss  im  Pràparate 
Muskelfasern,  welche  sich  im  Zustande  grossier  Streckung  befinden, 
suchen.  Nur  in  solchen  ist  der  Zwischenraum  zwischen  dem  Streifen  Z 
und  den  zwei  benachbarten  Querscheiben  gross  genug,  um  die  Zwi- 
schenscheibe als  solche  in  der  IMitte  der  stets  viel  schwiicher  gefàrbten 
oder  farblosen  isotropen  Scheibe  zwischen  je  zwei  Querscheiben  leicht 
zu  erkennen.  In  contra hirten  Muskelfasern  kann  man  besonders 
bei  Sagitta  und  Salpa  nur  Querscheiben  und  Contractionsscheiben 
unterscheiden.  Nach  starker  Fàrbung  mit  den  gewôhnlichen  Hàma- 
tin-  und  Carminlosungen  oder  auch  Nachvergoldung,  beziehungs- 
weise  nach  der  Heidenhain'schen  Eisenhàmatoxylinfarbung  sieht 
man  hier  nur  die  diinnen,  aber  dunkelgefarbten  und  scharf  gezeich- 
neten  Contractionsstreifen,  welche  die  sonst  homogen  aussehenden 
^lyofibrillen  kreuzen.  Bei  Carmarina  habe  ich  die  Bildung  eines  so 
ausgepràgten  Contractionsstreifens  nicht  gesehen;  es  bleibt  immer 
ein  weniger  gefàrbter,  im  reinen  Farbenbilde  hellerer  Zwischenraum 
zwischen  je  zwei  Querscheiben  ;  aber  hier  ist  die  Zwischenscheibe  so 
zart,  dass  es  doch  einer  grôsseren  Entfernung  der  Querstreifen  von 
einander  bedarf,  um  zwischen  ihnen  die  sehr  zarte  und  schwer  fàrb- 
bare  Zwischenscheibe  im  reinen  Farbenbilde,  welches  allein  beweis- 
kràftig  ist,  unterscheiden  zu  konnen, 

Bei  Pecten   kann   man   die  Zwischenscheibe  auch  in   dickeren, 
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z.  B.  10  id.  dicken  Schichten  von  Muskelsubstanz  gut  unterscheiden. 
Bei  Sagitta  und  Salpa  wàre  dies  nicht  moglich.  Bei  Salpa  bildet 
zwar  die  contractile  Substanz  des  einzelnen  Muskelbandes  eine  nicht 
einmal  2  /a  dicke  corticale  Schichte,  und  das  ganze  Muskelband  ist 
auch  nicht  liber  10 /x  dick;  aber  auch  die  Medullarsubstanz  des 
Muskelbandes  farbt  sich  bei  den  von  mir  versuchten  Tinctionen  in 
der  Weise  mit,  dass  eine  optische  Analyse  des  ganzen  Muskelbandes 
unmoglich  wird.  Bei  Carmarina  bildet  die  contractile  Substanz 
diinne  (oft  kaum  iiber  1  fx  dicke),  dicht  gelagerte  Leisten  von  etwa 
5  /i  Hôhe,  welche  vertical  auf  der  Flache  des  Muskelepithels  stehen. 
Hier  ist  schon  die  Schichte  von  contractiler  Substanz,  welche  die 
contractilen  Leisten  bilden,  viel  zu  dick,  um  eine  genaue  optische 
Analyse  im  reinen  Farbenbilde  zuzulassen.  Als  das  einfachste  ^Nlittel, 
um  ein  Prâparat,  in  der  Ilichtung  der  optischen  Achte  des  ]\Iikro- 
skops  genug  diinne  Schichten  contractiler  Substanz  zu  bekommen, 
erweist  sich  bei  Salpa  das  mechanische  Trennen  der  contractilen 
Corticalsubstanz  von  der  Medullarsubstanz,  und  bei  Sagitta  und 
Carmarina  das  ebenfalls  mechanische  Isoliren  und  Umlegen  der 
contractilen  Leisten.  Beides  erreichte  ich  dadurch,  dass  ich  kleine 
Strickchen  der  gefarbten  Muskulatur  in  dickem  Gummisyrup  unter 
dem  Deckglase  einfach  zerrieb.  Bei  Sagitta  kommt  man  allerdiiigs 
auch  dadurch  schon  zum  Ziel,  dass  man  grossere  Stricke  des  Haut- 
muskelschlauches  abpreparirt  und  flach  ausgebreitet,  einschliesst. 
An  solchen  Stricken  findet  man  leicht  Stellen,  wo  die  contractilen 
Leisten  niedriger  sind,  sich  in  einiger  Lage  und  im  nothwendigen 
Contractionszustande  befinden. 

Die  Zwischenscheibe  erscheint  bei  Pecten,  Sagitta,  Salpa  und 
Carmarina  im  reinen  Farbenbilde  als  ein  sehr  diinner,  vollkommen 
glatter,  nicht  gekornter  Streifen  in  der  Mitte  des  hellen,  ja  farblosen 
Zwischenraumes  zwischen  je  zwei  aufeinander  folgenden  Quer- 
scheiben.  Dieser  Zwischenraum  kann  bei  Pecten  bis  zu  4  /-t,  bei 
Sagitta  und  Salpa  bis  2  /*  breit  sein  ;  bei  Carmarina  misst  er  kaum  l/u. 

Bei  Pecten  kann  man  in  den  Muskelfasern,  in  giinstigen  Fallen, 
auch  etwas  wie  eine  Mittelscheibe  und  Nebenscheiben,  bei  Sagitta 
und  Salpa  eine  schwache  Andeutung  von  einer  jNIittelscheibe,  bei 
Carmarina  aber  ausser  den  Querscheiben,  den  isotropen  Scheiben 
und  der  Zwischenscheibe  nichts  weiter  wahrnehmen. 

Ich  unterschied  vorhin  die  Krause'sche  Membran  und  die  Zwi- 
schenscheibe oder  den  Streifen  Z.  Ich  halte  nâhmlich,  mit  einigen 
anderen  Autoren,  die  Krause'sche  Membran  fiir  einen  Bestandtheil 
der  interfibrillaren  Muskelfasersubstanz,  die  Zwischenscheibe  aber 
fiir  einen  Bestandtheil  der  Myofibrille,  beziehungsweise  des  IMuskel- 
sâulchens.  Die  Krause'sche  Membran  bleibt  als  solche  auch  in 
jenen  Contractionszustànden  der  Muskelfaser  erhalten,  wo  die 
Zwischenscheibe  infolge  der  Bildung  der  Contractionsscheibe  als 
solche  nicht  unterscheidbar  ist.     Nur  kann  man  die  Krause'sche 
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Membran  zwischen  den  Myofibrillen  der  contrahirten  Faser  etwas 
schwer  sehen,  weil  die  Myofibrille  im  Contractionszustand  dicker, 
durch  gewisse  Farbemittel  viel  intensiver  fârbbar  und  der  interfi- 
brillâre  (vom  Sarcoplasma  eingenommene)  Raum  entsprechend 
enger  wird.  Dies  kann  so  weit  gehen,  dass-die  einzelnen  Myofibrillen 
gar  nicht  mehr  zu  unterscheiden  sind  und  die  contractile  Substanz 
nicht  einmal  langs  gestreift,  sondern  ganz  homogen  aussieht.  An 
der  Peripherie  der  Faser,  namentlich  wo  es,  wie  bei  Insekten,  eine  gut 
ausgebildete  Sarcolemma  giebt,  kann  man  die  Krause'sche  Membran 
aucli  im  contrahirten  Zustande  des  Muskels,  stets  in  Zusammenhang 
mit  dem  Sarcolemma,  gut  beobachten. 

Bei  Pecten  kann  man  Krause'sche  Membran  und  Zwischen- 
scheibe  im  nicht  contrahirten  Zustande  wohl  unterscheiden.  Bei 
Sagitta,  Salpa  und  Carmarina  ist  dies  nicht  moglich.  Jedenfalls 
enthiilt  die  Medullarsubstanz  der  rohrenformig  aufgebauten  Muskel- 
faser  von  Salpa  und  Sagitta  keine  der  Krause'schen  Membran 
entsprechende  Differenzirung.  Richtiger  ausgedriickt,  so  ist  die 
Muskelfaser  von  Salpa  ein  plattgedrlickter,  an  beiden  Seiten  aufge- 
schlitzter  Schlauch,  und  die  Muskelfaser  von  Sagitta  ein  gegen  die 
Coelomhohle  zu  ofïener,  mit  der  ofïenen  Seite  dem  Peritonealepithel 
aufliegender  Schlauch,  im  wesentlichen  so,  wie  die  Muskelfaser  von 
Ascaris,  nur  dass  bei  Sagitta  die  zur  Schlauchoberflâche  ebenfalls 
radiàr  gestellten  contractilen  Leisten  weniger  dicht  gelagert  sind. 
Und  auch  bei  Sagitta  kann  man  Spuren  von  sehr  feinen,  fibrillaren 
Gebilden  zwischen  den  contractilen  Leisten  wahrnehmen,  wie  ich  bei 
Ascaris  in  sehr  starker  Ausbildung  beschrieben  hatte.  Gegenwârtig 
bin  ich  geneigt  anzunehmen,  dass  ein  Theil  der  von  mir  bei  Ascaris 
beschriebenen  und  von  Goldschmied  nachuntersuchten  Fibrillen  den 
Stutzfibrillen  der  Krause'schen  Membran  entspricht. 

Das  Gesagte  kurz  noch  einmal  zusammengefasst,  so  glaube  ich 
annehmen  zu  dûrfen,  dass  die  Zwischenscheibe  ein  allgemeiner 
Stricherbestandtheil  der  quergestreiften  Myofibrille  ist.  Ich  glaube 
sogar,  dass  die  ganze  Querstreifung  eine  Folge  der  durch  das  Auf- 
treten  des  Streifens  Z  eingelisteten  Segmentirung  der  Myofibrille 
ist,  welcher  Segmentirung  eine  Segmentirung  des  ganzen  Kôrpers 
der  Muskelfaser  durch  die  Krause'sche  Membran  gefolgt  ist,  eine 
siebartig  durchlôcherte,  von  besonderen  Stutzfibrillen  durchwobene, 
dichtere  Protoplasmaschichte. 


L'INFLUENCE   DU   RÉGIME   ALIMENTAIRE   SUR  LA 
FORME   DES   VILLOSITÊS   INTESTINALES 

PIERRE  REVILLIOD 

Au  cours  d'une  étude  sur  les  variations  de  structure  de  l'intestin 
sous  l'influence  du  régime,  nous  avons  fait  quelques  observations  sur 
la  forme  des  villosités,  dont  nous  donnons  ici  les  résultats. 

Ces  recherches  ont  été  faites  sur  le  rat,  mus  rattus  var.  albinos; 
cet  animal  omnivore  se  prête  assez  bien  à  ce  genre  d'expériences 
et  ne  souffre  pas  trop  d'un  changement  de  régime,  il  présente  à 
l'état  normal  un  système  de  villosités  fixe  et  bien  différencié. 

Au  pylore  la  limite  entre  l'estomac  et  le  duodénum  est  très  franche, 
en  même  temps  qu'apparait  brusquement  dans  la  sous  muqueuse 
l'amas  des  glandes  de  Brunner,  les  villosités  prennen  naissance  sous 
la  forme  de  longues  lames  peu  élevées,  dont  le  bord  supérieur  est 
irrégulièrement  festonné.  Transversales  et  serrées  les  unes  contre 
les  autres,  elles  s'étendent  sur  cinq  centimètres  environ  puis  dis- 
paraissent pour  laisser  la  place  à  des  villosités,  plus  courtes,  un  peu 
plus  larges  que  hautes,  arrondies  et  dont  le  bord  supérieur  présente 
une  échancrure  au  milieu. 

Ces  villosités  très  typiques,  déjà  décrites  par  différents  auteurs, 
se  rencontrent  dans  le  duodénum  et  le  jéjunum;  dans  l'iléon  elles 
s'abaissent  peu  à  peu  et  se  transforment  près  du  caecum  en  petites 
crêtes  triangidaires  peu  nombreuses. 

A.  Nous  avons  soumis  un  couple  de  Rats  au  régime  exclusif  du 
lait,  ainsi  que  les  sept  petits  issus  de  ce  couple.  Les  cinq  individus 
que  nous  avons  sacrifiés  jusqu'à  maintenant,  soit  un  de  première 
et  quatre  de  seconde  génération,  âgés  de  trois  à  douze  mois  ont  pré- 
senté la  même  réaction  au  régime  lacté.  Au  pylore  nous  trouvons 
longues  décrètes,  mais  plus  élevées  que  celles  des  Rats  normaux  et 
très  découpées  donnant  l'illusion  d'une  série  de  villosités  reliées  par 
leurs  bases.  Ces  crêtes  ne  persistent  pas  longtemps,  car  à  trois 
centimètres  déjà  du  pylore,  le  duodénum  est  tapissé  de  villosités 
très  élevées  et  étroites,  arrondies  au  sommet;  par  ci  par  là  une  large 
villosité  semi  lunaire  nous  rappelle  que  nous  avons  affaire  à  un  rat 
adulte.  En  effet,  ces  villosités  sont  très  semblables  à  celles  que  l'on 
trouve  chez  les  individus  âgés  de  20  jours;  à  cet  âge  le  Rat  com- 
mence à  se  nourrir  seul,  ses  villosités  duodenales  sont  étroites  et 
hautes  avec  une  base  assez  large. 
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Le  lait  constitue  dans  l'intestin  un  milieu  semi  solide  semi  liquide 
dans  lequel  les  villosités  pouvait  conserver  une  forme  élevée  et  une 
grande  surface  d'absorption.  La  similitude  dans  la  forme  des  vil- 
losités de  nos  Rats  expérimentés,  adultes  et  de  celles  de  jeunes  Rats 
encore  dans  la  période  de  lactation  est  manifeste.  Cependant  nous 
devons  mentionner  une  différence  dans  le  duodénum  supérieur.  En 
effet,  chez  les  jeunes  à  la  place  des  crêtes  pyloriques  nous  trouvons 
des  \411osités  cylindriques  en  forme  de  doigts  de  gant. 

A  la  naissance  et  pendant  les  premiers  jours  l'intestin  tout  entier  est 
tapissé  par  ces  villosités  cylindriques  qui  peu  à  peu  sont  remplacées 
par  celles  que  nous  avons  décrites  chez  le  Rat  âgé  de  15  à  25  jours, 
et  qui  persistent  donc  jusqu'à  ce  moment  dans  le  duodénum  supé- 
rieur. Nous  insistons  sur  le  fait  que  seuls  les  très  jeunes  indi\'idus 
possèdent  des  villosités  cylindriques  sur  toute  la  longueur  de  l'intestin. 
Bujard  ^  qui  attribue  cette  forme  à  l'action  du  régime  lacté  l'a  trou- 
vée chez  le  Cobaye,  le  Lapin,  le  Chat,  mais  chez  des  individus 
nouveau-nés  ou  âgés  de  quelques  jours  seulement.  Nous  pensons 
donc  que  le  régime  du  lait  tend  à  donner  aux  villosités  une  forme 
élevée  mais  plate;  et  que  la  forme  cylindrique  est  la  caractéristique 
de  l'intestin  du  nouveau  né,  intestin  qui  n'a  pas  encore  fonctionné. 

Ce  n'est  guère  qu'à  quarante  centimètres  du  pylore  que  les  villosités 
tendent  à  s'abaisser,  mais  elles  restent  un  peu  plus  élevées  que  celles 
du  Rat  normal  jusqu'au  caecum. 

B.  La  nourriture  végétale  a  consisté  principalement  en  pommes 
de  terre,  carottes  et  salades. 

Nous  avons  examiné  les  villosités  d'une  dizaine  d'indi\ndus  de 
première,  deuxième  et  troisième  générations  dont  l'âge  variait  de 
5  mois  à  1  an  et  plus.  Au  pylore  nous  trouvons  des  crêtes  identiques 
à  celles  du  Rat  normal.  Le  duodénum  ne  présente  pas  une  réaction 
aussi  uniforme  que  ce  n'était  le  cas  pour  le  régime  lacté. 

Chez  une  femelle  de  2®  génération  les  villosités  se  sont  transformées 
au  point  de  ressembler  aux  \illosités  des  Rats  nourris  au  lait.  Chez  la 
plupart  des  autres  Rats  végétariens  les  villosités  se  sont  allongées 
tout  en  restant  assez  larges;  le  bord  supérieur  s'est  accru  d'un  côté 
en  accentuant  la  fossette  médiane,  ce  qui  donne  une  forme  irrégulière 
à  la  villosité  et  la  rapproche  de  celles  que  Bujard  a  décrites  chez  le 
Mouton.  Cette  forme  est  très  répandue  chez  les  Rats  végétariens, 
et  se  rencontre  jusqu'à  40  centimètres  du  pylore,  mais  elle  est 
accompagnée  de  villosités  plus  basses  ou  plus  arrondies  donnant 
à  la  muqueuse  un  aspect  très  bigarré. 

En  se  rapprochant  du  caecum  toutes  ces  villosités  s'abaissent  et 
donnent  lieu  aux  petites  crêtes  triangulaires  normales. 

C.  Le  régime  carné  fut  composé  de  viande  de  Cheval  crue. 
Une  dizaine  de  Rats  de  deux  générations  a  été  examinée.    Au  pylore, 

*  Bujard,  E.  Sur  les  villosités  intestinales.  Bibliographie  anatomique, 
Fasc.  4,  T.  14,  1905. 
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les  longues  crêtes  accentuent  encore  leur  caractère  et  forment  des 
rubans  très  peu  élevés,  à  bord  supérieur  peu  festonné.  Ces  rubans 
atteignent  une  longueur  considérable,  faisant  presque  le  tour  complet 
de  l'intestin  ;  ils  persistent  jusqu'à  dix  centimètres  du  pylore.  Plus 
loin  les  villosités  se  raccourcissent  mais  conservent  leur  forme  rubanée, 
le  bord  supérieur  est  un  peu  plus  festonné.  A  25  centimètres  du 
pylore  un  intestin  de  Rat  Carnivore  de  2  génération  présente  le 
même  aspect  que  l'intestin  d'un  Rat  normal  au  pylore.  Cet  allonge- 
ment se  répercute  aussi  sur  les  villosités  de  l'iléon  supérieur  qui  ont 
l'aspect  de  petits  rubans  ou  de  petits  triangles  à  angle  très  obtus. 

Ce  caractère  très  particulier  des  Rats  carnivores  est  surtout  accusé 
chez  les  individus  de  2^™®  génération  ;  chez  ceux  de  l^""®  génération 
les  villosités  sont  aussi  allongées  mais  leur  bord  supérieur  est  plus 
découpé,  elles  ont  ainsi  l'aspect  d'un  groupe  de  villosités  soudées 
les  unes  aux  autres. 

Nous  devons  mentionner  quelques  exceptions.  Certains  indi- 
vidus présentaient  des  villosités  normales  ou  plus  élevées;  pour 
expliquer  ce  fait  nous  devons  anticiper  sur  les  résultats  obtenus  sur 
la  variation  de  la  longueur  de  l'intestin. 

L'intestin  de  la  plupart  des  Rats  carnivores  s'est  allongé;  or  il 
se  trouve  que  c'est  précisément  ceux  qui  ont  fait  exception  à  cette 
règle  qui  n'ont  pas  non  plus  modifié  leurs  villosités. 

Dans  les  ouvrages  généraux,  on  attribue  aux  Carnivores  un  intestin 
court  et  de  longues  villosités  autres  part  les  auteurs  modernes  qui 
se  sont  plus  spécialement  occupés  de  cette  question  comme  Benoit  S 
Bujard,  etc.,  trouvent  chez  les  Carnivores  des  villosités  élevées,  plus  ou 
moins  digitiformes  et  dans  le  duodénum  des  villosités  rubanées. 

D'après  nos  observations  c'est  le  duodénum  qui  s'allonge  sous 
l'influence  d'une  nourriture  carnée.  C'est  donc  le  régime  villeu 
pylorique  qui  se  prolonge  sur  une  grande  longueur  de  l'intestin. 

Du  reste  les  villosités  rubanées  compenseraient  la  longueur  du 
tube  digestif,  cette  forme  étant  à  nos  yeux  bien  moins  aptes  à  l'ab- 
sorption que  des  villosités  plus  élevées  ;  elles  ont  une  surface  d'absorp- 
tion* relativement  petite  et  ne  remphssent  pas  le  lumen  de  l'intestin. 

lia  forme  des  villosités  dans  cette  dernière  expérience  est  donc 
dépendante  en  premier  lieu  de  la  longueur  de  l'intestin  et  n'est 
qu'indirectement  le  résultat  du  régime  alimentaire.  Nous  pouvons 
également  mentionner  que  les  Rats  nourris  au  lait  avaient  un  intestin 
très  court,  ce  qui  explique  le  petit  nombre  des  villosités  pyloriques  (le 
duodénum  supérieur  étant  raccourci  d'autant)  ainsi  que  la  hauteur  et 
la  surface  des  villosités  duodenales.  La  dépendance  de  la  forme  de  la 
villosité  à  la  longueur  de  l'intestin  peut  aussi  expliquer  les  différence? 
que  l'on  trouve  chez  des  individus  d'une  même  espèce  dont  le  régime 
villeux  est   moins  spécialisé   que   chez    le   Rat,  comme  l'a  signalé 

'  Benoit,  0.  Contribution  à  l'étude  de  la  muqueuse  intestinale,  Paris,  1891, 
4°  Thèse. 
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Bujard  pour  le  Cobaye  et  le  Mouton,  ces  différences  seraient  dues  au 
développement  plus  ou  moins  grand  de  l'intestin. 

En  résumé.  —  1.  Nous  pouvons  dire  que  le  duodénum  est  la  partie 
de  l'intestin  la  plus  active  dans  l'absorption,  parce  que  c'est  elle  qui 
présente  les  variations  les  plus  intenses  sous  l'influence  d'un  change- 
ment de  régime  ;  les  villosités  y  sont  plus  développées  que  dans  l'iléon. 
Dans  l'iléon  inférieur  l'absorption  est  presque  terminée,  les  villosités 
sont  très  semblables  chez  des  Rats  astreints  aux  divers  régimes  et 
même  chez  des  animaux  appartenant  à  des  classes  différentes. 

2.  Dans  le  duodénum  supérieur,  près  du  pylore,  les  villosités  ont 
une  forme  rubanée  très  particulière  qui  se  retrouve  chez  tous  les  Rats 
soumis  à  n'importe  quel  régime,  et  que  les  auteurs  ont  décrite  dans 
le  duodénum  supérieur  de  Mammifères  carnassiers,  rongeurs,  herbi- 
vores, etc.  La  forme  de  ces  villosités  et  leur  résistance  à  la  variation 
indiquent  que  l'absorption  à  ce  niveau  n'a  pas  encore  lieu. 

3.  Le  régime  du  lait  réduit  beaucoup  le  nombre  des  villosités 
pyloriques;  il  donne  aux  villosités  de  la  plus  grande  partie  de  l'in- 
testin une  forme  élancée  semblable  à  celles  du  jeune  Rat  dans  la 
période  de  lactation. 

4.  Le  régime  végétarien  agit  surtout  sur  les  villosités  duodenales 
qui  s'allongent  aussi,  se  découpent  irrégulièrement,  rappelant  les 
villosités  du  duodénum  et  de  l'iléon  supérieur  du  Mouton. 

5.  Le  régime  carné  donne  à  l'intestin  un  aspect  plus  uniforme, 
toutes  les  villosités  diminuant  leur  surface  pour  prendre  une  forme 
rubanée  du  pylore  jusqu'au  caecum. 

6.  La  forme  des  villosités  des  Rats  soumis  au  régime  lacté,  est  due 
à  la  consistance  semi  solide  semi  liquide  du  lait  dans  l'intestin,  ainsi 
qu'à  sa  valeur  alimentaire  qui  réclame  une  grande  surface  d'absorp- 
tion. La  forme  grêle  et  irrégulière  des  villosités  des  Rats  herbivores 
résulte  de  l'action  mécanique  des  résidus  insolubles  de  la  nourriture 
végétale  et  de  la  pauvreté  nutritive  des  aliments  qui  composent 
celle  ci.  La  forme  des  villosités  des  Rats  carnivores  constitue  une 
reaction  à  la  longueur  exagérée  de  l'intestin  diminuant  ainsi  la  surface 
absorbante  de  cet  organe. 


A  NEGLECTED  POINT  IN  THE  QUADRATE  PROBLEM 

J.  S.  KINGSLEY 

The  problems  of  the  homologies  of  the  quadrate  in  the  vertébrale 
phylum  and  the  origin  of  the  mammals  are  apparently  closely  con- 
nected,  and  the  sohition  of  the  one  will  probably  throw  considérable 
hght  on  the  other.  Concerning  the  origin  of  the  mammals  there  are 
two  prominent  antagonistic  views.  According  to  the  one,  advocated 
by  most  comparative  anatomists  and  paleontologists,  the  mammals 
hâve  descended  froni  the  theromorphous  reptiles  ;  the  other,  supported 
chiefly  by  embryologists,  would  ascribe  to  them  an  amphibian  ancestry. 

The  latter  view  would  recognize  the  quadrate  bone  of  the  lower 
vertebrates  in  the  middle  bone  of  the  car  chain,  the  incus,  while 
most  paleontologists  who  advocate  the  reptilian  parentage  think  they 
hâve  proof  of  the  disappearance  of  the  quadrate  in  the  glenoid  fossa. 
A  third  idea,  with  little  évidence  to  support  it,  is  that  the  quadrate 
has  become  transformed  into  the  mammalian  annulus  tympanicus. 

The  strongest  argument  against  the  amphibian  ancestry  is  that 
this  homology  of  quadrate  and  incus  involves  the  loss  of  the  hinge  of 
the  jaw  between  quadrate  (incus)  and  articulare  (maliens),  and  the 
formation  of  a  new  articulation  between  the  squamosal  (temporal) 
and  the  condyle  of  the  lower  jaw. 

It  is  admitted  that  this  difficulty  is  great,  but  the  object  of  this 
paper  is  to  point  ont  that  ail  must  meet  a  closely  similar  difficulty,  and 
that  the  shifting  of  the  hinge  from  one  point  to  another  must  occur 
whether  we  assume  a  theromorph  or  an  amphibian  ancestry. 

In  the  lower  vertebrates,  as  has  just  been  said,  the  hinge  of  the  jaws 
lies  between  quadrate  and  articulare.  Thèse  two  éléments  are  formed 
from  the  cartilages  of  the  mandibular  arch,  the  quadrate  arising  from 
the  hinder  end  of  the  upper  (pterygoquadrate)  half,  the  articulare 
from  the  hinder  end  of  the  lower  or  Meckelian  moiety. 

In  the  development  of  the  mammal  the  Meckelian  cartilage  is  well 
formed,  but  its  hinder  end  has  at  no  time  any  connection  with  the  dé- 
finitive hinge  of  the  adult,  but  extends  below  and  to  a  point  behind  the 
articular  condyle  and  the  glenoid  fossa.  Hence  the  homologue  of  the 
articulare  cannot  occur  at  the  définitive  hinge  of  the  adult.  Now,  if 
we  assume  that  the  quadrate  has  moved  forward,  from  its  primitive 
position  in  relations  with  the  articulare,  to  the  glenoid  fossa  to  take 
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up  articular  relations  with  the  condyle  of  the  lower  jaw,  we  must  ex- 
plain  the  loss  of  the  hinge  between  quadrate  and  articulare  and  tl  e 
formation  of  the  new  hinge  with  ail  its  intermediate  «teps,- an  expia- 
nation  which  apparently  involves  as  many  and  ^^^grea  difficute 
the  alternative  view.  It  may  be  said  that  snnilar  difficulties  pertain  to 
the  View  which  would  recognize  the  quadrate  m  the  tympanic. 


ON    THE    ORIENTATION    OF    GYROCOTYLE    AND    OF 
THE    CESTODE    STROBILA 

CHARLES  ATWOOD  KOFOID  AND  EDNA  EARL  WATSON 

The  endoparasitic  and  attached  mode  of  life  of  the  cestode  stro- 
bila  precludes  the  adoption,  in  gênerai,  of  the  customarv  criterion, 
that  of  direction  of  locomotion,  in  the  détermination  of  its  fundamental 
planes  of  symmetry. 

The  usual  custom,  as  reflected  in  ail  gênerai  treatises,  has  been  to 
regard  the  scolex  or  attached  end  as  the  anterior  one  and  the  free  end 
of  the  strobila  as  posterior.  Conflicting  views  hâve  long  existed  as  to 
the  orientation  of  the  varions  gênera  of  the  monozoic  cestodes,  the 
Cestodaria  of  Monticelli,  and  the  homologies  of  their  varions  organs, 
especially  of  those  at  the  two  pôles.  Braun  (:01)  in  his  Thierreich 
monograph  has  treated  thèse  questions  of  Cestodarian  orientation  as 
still  open,  and  Benham  (:01)  has  also  recently  suggested  the  possi- 
bility  that  the  scolex  of  the  merozoic  cestode  is  posterior,  in  accord 
with  the  earlier  views  of  Grassi,  Perrier  and  Blanchard. 

The  cephalization  of  the  central  nervous  System  in  the  scolex  of 
the  merozoic  cestode,  its  large  mass  and  great  structural  differentia- 
tion,  hâve  given  substantial  support  to  the  morphological  conception 
of  the  scolex  as  the  head  or  anterior  end  of  the  strobila. 

The  diversity  of  reproductive  structures  among  the  monozoic  ces- 
todes and  the  added  facts  that  they  bear  an  organ  of  attachment  or 
rosette  at  one  end  and  a  sucker-like  acetabulum  at  the  other,  and 
that  the  main  longitudinal  strands  constituting  the  central  nervous 
System  are  enlarged,  differentiated  and  connected  by  commissures  at 
both  ends,  hâve  created  a  situation  in  which  the  évidence  derivable 
from  this  more  primitive  section  of  the  group  of  cestodes  has  not  only 
not  clarified  our  morphological  conceptions  of  the  group,  but  has 
rather  added  to  the  confusion. 

The  occurrence  of  the  primitive  monozoic  cestode  Gyrocotyle  in 
Chimaera  colliei  at  San  Diego  has  enabled  the  writers  to  examine  the 
orientation  and  movements  of  the  living  worm,  and  to  make  an  ex- 
haustive study  of  its  structure,  especially  of  its  nervous  System.  Pecu- 
liar  interest  attaches  to  this  unsegmented  endoparasite,  both  from  its 
structure  and  from  the  fact  that  its  known  hosts  are  the  ancient 
group  of  chimaeroid  fishes. 

Gyrocotyle  occurs  in  the  spiral  valve  of  Chimaera,  attached  by  its 
posterior  end  which  terminâtes  in  the  rosette  or  scolex,  while  its  ante- 
rior end  is  free,  is  exceedingly  mobile  and  bears  a  sucker-like  organ. 
In  ail  observed  cases  the  worm  lies  with  its  ventral  face  against  the 
mucosa  of  the  intestinal  wall  to  which  the  rosette  is  attached.  Its 
orientation  in  attachment  thus  corresponds  to  that  of  the  heterocoty- 
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lean  trematode.  The  face  hère  defined  as  ventral  is  the  one  which 
the  animal  always  turns  to  the  substratum  when  it  is  normally  active. 
It  possesses  the  heavier  musculature  and  more  abundant  nerve  sup- 
ply,  and  does  not  bear  the  utérine  pore,  which  is  dorsal,  but  does  bear 
the  vaginal  pore.  The  ventral  surface  as  hère  defined  has  hitherto 
been  regarded  as  dorsal. 

Upon  detachment  from  the  intestinal  wall  the  rosette  end  re- 
mains relatively  quiescent,  while  the  acetabular  end  continues  to  be 
exceedingly  active  in  exploring  movements,  is  directed  anteriorly  in 
well-defined  progressive  locomotion  and  leads  in  ail  righting-up  move- 
ments in  dorso-ventral  re-orientation  after  the  worm  has  been  over- 
turned.  It  is  therefore  functionally  the  anterior  end  of  the  worm. 
The  rosette  end,  on  the  other  hand,  lacks  exploring  movements  beyond 
a  slight  rolling  from  side  to  side  and  contraction  w^aves  in  its  frills.  It 
never  leads  in  locomotion,  except  when  shoved  backward  by  the 
doubling  under  of  the  active  acetabular  end.  The  rosette  or  scolex 
end  is  therefore  at  the  posterior  end  of  the  body  in  Gyrocotyle.  Inci- 
dentally  sloughing  ofî  begins  on  the  rosette  when  the  worm  is  kept  in 
culture  média,  long  before  it  does  upon  the  acetabular  end. 


sens,  areo 

ant.  ring  comm. 


ont.  bridge  comm. 


lat.  conn. 


post  bridge  comm. 

'^^ prox.  ring  comm, 

lai.  conn. 


^^—-disl.  ring  i 


FiG.  1. 


This  orientation  is  strongly  supported  on  morphological  grounds, 
in  the  first  place,  by  the  discovery  of  two  pairs  of  abundantly  in- 
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nervated  antero-lateral  sensory  areas  comparable  in  structure  and 
location  witli  sirailar  areas  in  planarians  and  some  heterocotylean 
trematodes.  There  is  one  pair  of  antero-lateral  pits  at  the  bottoms  of 
which  lie  flat  sensory  plates,  and  a  pair  of  sensory  areas  (Fig.  1,  sens, 
area)  in  the  form  of  papillae  or  ridges,  which  lie  in  Gyrocotyle  on  the 
latéral  margins  of  the  circular  opening  into  the  blind  cavity  of  the 
acetabulum.  They  are  thus  in  the  région  tlirust  forward  in  locomo- 
tion and  in  exploring  movements. 

In  the  second  place,  the  structure  of  the  central  nervous  system 
affords  morphological  support  to  the  orientation  hère  proposed.  In 
Gyrocotyle  there  are  (Fig.  1)  two  main  longitudinal  laterally  placed 
connectives  (lat.  conri.)  and  several  secondary  ones  (not  shown  in 
the  figure)  joined  anteriorly  just  behind  the  acetabulum  by  a  heavy 
bridge  commissure  {ant.  bridge  comm.).  The  ganglionic  mass  of  th'is 
commissure  is  connected  with  the  anterior  sensory  areas,  and  latéral 
connectives  join  it  to  an  anterior  ring  commissure  {ant.  ring  comm.)  at 
the  anterior  end  of  the  acetabulum. 

The  two  longitudinal  nerves  are  united  posteriorly  by  a  second 
transverse  commissure  (post.  bridge  comm.),  enlarged  laterally  in 
ganglionic  masses,  posterior  to  which  the  longitudinal  strands  each 
subdivide  first  into  two  then  four  posteriorly  continued  branches  {lat. 
conn.)  which  are  distribu ted  in  the  rosette.  Thèse  branches  are  con- 
nected by  two  ring  commissures,  an  irregular  proximal  one  {prox.  ring 
comm.)  near  the  level  of  the  ganglia  and  a  distal  one  {dist.  ring  comm.) 
in  the  rosette. 

/       \'^//mamS^-----/ \ '<"'''•  bridge  comm. 


fprox.  ring  comm. 


Fig.  2. 
The  similarity  of  this  nervous  system  in  its  ground  plan  to  that  of 
the  heterocotylean  trematode,  for  example  that  of  Tristomum  molae 
(Fig.  2),  as  described  by  Lang  ('80)  is  at  once  apparent.  The  anterior 
commissure,  sensory  branches,  main  and  secondary  longitudinal 
nerve  strands,  the  eight  posterior  branches  and  one  ring  commissure 
are  ail  represented.    In  Gyrocotyle  we  add  only  the  délicate  médian 
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portion  of  the  posterior  bridge  commissure  and  a  second  ring  commis- 
sure, which,  if  not  présent  in  the  trematode,  may  well  hâve  arisen  in 
Gyrocotyle  in  corrélation  with  the  increased  mass  ànd  complexity  of 
the  posterior  musculature  of  the  rosette-like  organ  of  attachment. 

The  structure  of  the  nervous  System  and  the  position  and  inner- 
vation of  the  organ  of  attachment  thus  homologize  unmistakably  with 
the  corresponding  features  of  the  heterocotylean  trematode,  provided 
we  regard  the  rosette  of  Gyrocotyle  as  posteriorly  located  and  thus 
homologous  with  the  posterior  sucker  which  is  also  the  organ  of  attach- 
ment of  the  trematode. 


FiG.  3. 
A  close  comparison  of  the  nervous  System  of  the  posterior  end  of 
Gyrocotyle  with  that  of  the  organ  of  attachment  or  scolex  of  the  mero- 
zoic  cestode  as  figured  by  Tower  (:00)  for  Moniezia  (Fig.  3)  is  most 
instructive  in  developing  the  striking  resemblance  in  the  main  struc- 
tural éléments  of  which  the  two  are  composed,  and  the  close  resem- 
blance of  the  relations  of  the  parts  in  the  two  worms.  In  both  types 
of  cestodes  there  are  main  and  secondary  longitudinal  nerve  trunks 
which  lead  to  the  base  of  the  organ  of  attachment,  and  hère  the  main 
trunks  expand  in  bilatéral  ganglionic  masses  which  in  the  globular 
scolex  of  merozoic  cestodes  are  closely  joined  in  the  médian  line,  but 
in  the  broader  body  of  Gyrocotyle  are  more  widely  separated  and 
united  by  only  a  slender  commissure.  In  both  also  there  are  two  ring 
commissures,  —  a  proximal  one  near  the  level  of  the  bilatéral  ganglia, 
and  a  distal  one  at  the  base  of  the  frill  of  the  rosette  or  scolex.  In  both, 
also,  there  are  eight  irregular  anastomosing  longitudinal  connectives, 
which  in  Gyrocotyle  join  the  two  ring  commissures,  but  in  Moniezia 
are  grouped  in  two  sets,  —  a  dorsal  and  a  ventral  pair  which  connect 
the  two  rings,  and  two  medio-lateral  pairs  which  run  from  the  bilatéral 
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ganglia  to  the  distal  ring.  This  différence  is  not  fatal  to  the  homology 
of  the  eight  connectives  in  the  two  cestodes,  for  we  may  regard  the 
medio-lateral  pairs  in  Moniezia  as  carried  in  upon  the  bilatéral  ganglia 
from  the  proximal  ring  in  the  process  of  centralization  of  the  gan- 
glionic  masses  in  the  globular  scolex  of  the  merozoic  cestode. 

If  this  close  resemblance  of  the  nervous  svstem  of  the  posteriorly 
located  rosette  organ  of  attachment  of  the  monozoic  cestode  Gvroco- 
tyle  with  that  of  the  scolex  of  the  merozoic  cestode  has  any  morpho- 
logical  signifîcance  at  ail  it  unmistakably  indicates  their  homology. 
The  évidence  from  the  moveraents  of  the  living  worm  and  from  the 
comparison  of  Gyrocotyle  and  the  heterocotylean  trematode  lead  us 
to  conclude  that  the  rosette  is  at  the  morphologically  posterior  end  of 
the  body.  Therefore  we  must  likewise  conclude  that  the  scolex  of  the 
merozoic  cestodes  is  at  the  morphologically  posterior  end  of  the  stro- 
bila.  If  this  be  the  case  the  homologue  of  the  anterior  bridge  commis- 
sure of  Gyrocotyle,  or  possibly  of  the  anterior  ring  commissure,  is  to 
be  found  in  the  nerve  ring  formed  by  the  dorsal  and  ventral  commis- 
sures at  the  anterior  (so-called  posterior)  end  of  each  proglottis.  The 
possible  homology  of  the  acetabulum  of  Gyrocotyle  and  the  terminal 
invagination  of  the  oldest,  most  anterior  (so-called  posterior)  pro- 
glottis, belonging  to  the  distal  part  of  the  excretory  System,  is  also 
suggested. 

It  is  noteworthy  that  this  orientation  of  the  cestode  brings  the 
growing  zone  in  the  so-called  neck  of  the  strobila  into  a  position  homo- 
logous  with  that  of  the  antepenult  segment  of  the  annelid  worm,  also 
the  zone  of  growth. 
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EXPLANATION    OF    THE    FiGURES 

FiG.  1.  —  Gyrocotyle  .'ip.,  diagrammatic  ventral  view  showing  reproductive  organs 
and  apertures,  the  central  nervous  system  and  the  acetabular  sensé  organs, 
x-5. 

Sens,  orea,  sensory  area;    ant.  ring  comm.,  anterior  ring  commissure; 
ant.  bridge  comm.,  anterior  bridge  commissure;    lat.  conn.,  latéral  connec- 
tives;   post.  bridge  comm.,  posterior  bridge  commissure;    prox.  ring  comm., 
proximal  ring  commissure;   dist.  ring  comm.,  distal  ring  commissure. 
FiG.  2.  —  Tristomum  molae,  diagrammatic  view  of  ventral  surface,  after  Lang  ('80). 
Ant.  bridge  comm.    anterior  bridge  commissure;    lat.  conn.,  latéral  connec- 
tives;  prox.  ring  comm.,  proximal  ring  commissure. 
FiG.  3.  —  Moniezia  expansa,  ventral  view  of  scolex,  after  Tower  (:00). 

Ant.  ring  comm.,  anterior  ring  commissure,  post.  bridge  comm.,  posterior 
bridge  commissure;  prox.  ring  comm.,  proximal  ring  commissure;  lat.  conn., 
latéral  connectives;  dist.  ring  comm.,  distal  ring  commissure. 


ANATOMY   OF   THE   ARMS   OF   OPHIOGLYPHA   SARSII 

J.  P.  MUNSON 

The  extrême  brittleness  of  some  ophiiirans  and  their  ability  to 
reproduce  lost  parts  hâve  led  to  many  spéculations  and  vague  théories 
regarding  them.  One  of  thèse  théories  is  that  they  are  composite 
animais,  each  arm  being  thought  to  hâve  been  originally  a  distinct 
animal.  It  has  been  maintained,  also,  that  some  forms  possess  the 
power  of  division  for  reproductive  purposes,  though  I  am  not  aware 
that  an  actual  division  except  through  violence  has  ever  been  seen, 
It  is  évident  that  they  possess  to  a  remarkable  degree  the  power  of 
unlocking  the  joints  of  their  arms  to  free  themselves  from  eneraies  or 
other  perilous  entanglements.  This  of  course  aids  them  in  main- 
taining  themselves  amid  unfavorable  surroundings.  The  numerous 
imperfect  forms  that  occur  seem  to  be  due,  not  to  fission  for  repro- 
ductive purposes,  but  to  violence  of  many  kinds,  which  they  can 
hardly  avoid,  living  wliere  they  do. 

It  is  a  matter  of  some  interest,  therefore,  to  détermine  the  structure 
of  the  arms  which  are  so  liable  to  be  disjointed,  and  which,  by  their 
very  brittleness,  contribute  to  the  maintenance  of  the  species. 

AnATOMY  of  THE  ArMS   AND   HoMOLOGY   OF   THE   ArM-BONES 

The  arms  of  Ophioglypha  sarsii  are  long,  pointed  and  cylindrical. 
The  ventral  side  is  flattened,  and  the  convexity  of  the  dorsal  side  con- 
siderably  increased  toward  the  central  disk. 

The  arms  are  composed  of  a  central  chain  of  vertebrse-like  arm- 
bones,  surrounded  by  calcareous  plates.  The  arm-bones  may  best  be 
described  as  disks  set  end  to  end,  and  articulated  one  with  another  in 
such  a  manner  as  to  allow  of  considérable  latéral  movement,  and  of 
slight  vertical  movement.  In  the  région  of  the  disk  the  longest  diam- 
eter  is  in  a  plane  perpendicular  to  the  long  axis  of  the  arm,  and  parallel 
with  the  plane  of  the  disk.  Towards  the  tip  the  length  of  the  disk  as 
compared  with  its  width  increases  till  the  longest  axis  becomes  that 
of  the  long  axis  of  the  arm. 

But  thèse  arm-bones  are  not  mère  disks.  They  consist  of  a  more 
or  less  cylindrical  central  portion,  lying  in  the  direction  of  the  arm, 
from  the  middle  of  which  there  are  latéral  processes  in  the  form  of 
circular  disks.    Thèse  serve  for  the  attachment  of  the  intervertébral 
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muscles,  which  siirroiind  the  central  column  thiis  formed,  and  which 
lie  in  the  direction  of  the  long  axis  of  the  arm.  But  the  latéral  projec- 
tion of  bone  does  not  form  a  continuons  circle;  rather  a  dorsal  semi- 
circle  and  a  ventral  semicircle,  the  former  being  more  distal  and  the 
latter  more  proximal. 

The  upper  and  lower  projecting  disks  are  not  continuons,  but 
hâve  each  an  upper  and  a  lower  notch,  which,  when  the  arm-bones 
are  set  end  to  end,  form  the  upper  or  dorsal,  and  lower  or  ventral, 
canal.  In  the  upper  and  lower  halves  of  this  transverse  disk,  there- 
fore,  there  is  a  right  and  left  lower  area,  the  upper  area  on  either  side 
being  larger  than  the  corresponding  lower  area. 

In  the  central  column,  in  the  plane  passing  midway  between  the 
latéral  disks  of  two  adjacent  arm-bones,  is  the  articulation  on  which 
one  arm-bone  moves  on  the  other.  And  between  the  latéral  areas, 
extending  from  the  area  of  one  bone  to  the  corresponding  area  of  the 
other  bone  with  which  the  former  articidates,  are  inserted  the  inter- 
vertébral muscles. 

While  the  upper  and  lower  of  thèse  on  either  side  practically  form 
one  continuons  band,  extending  from  the  ventral  canal  to  the  dorsal 
canal,  yet,  owing  to  thèse  areas  of  insertion  of  the  muscles,  we  can 
distinguish  a  right  and  left  upper  and  a  right  and  left  lower  muscle- 
area. 

It  is  évident,  therefore,  that  the  alternate  contraction  of  the  two 
muscle  areas  on  either  side  causes  a  latéral  movement  of  the  arm, 
and  that  the  alternate  contraction  of  the  upper  and  lower  areas  causes 
a  vertical  movement  of  the  arm;  but,  owing  to  the  nature  of  the 
joint  as  well  as  the  relative  length  of  the  muscles  producing  the  latéral 
and  vertical  movement,  the  former  is  very  much  gréa  ter  than  the 
latter.  It  has  been  seen  that  the  length  of  the  arm-bones  increases 
from  the  proximal  to  the  distal  end  of  the  arm,  and  that  whereas  in  the 
neighborhood  of  the  disk  the  longer  axis  is  transverse,  at  the  tip  the 
longer  axis  is  in  the  direction  of  the  long  axis  of  the  arm.  The  resuit 
is  that  at  the  tips  of  the  arms  there  is  great  freedom  of  both  latéral  and 
vertical  movement,  while  near  the  disk  both  thèse  movements,  es- 
pecially  the  vertical,  are  very  much  restricted.  This  différence  in  the 
latéral  and  vertical  movements  of  the  arms  is  doubtless  influenced 
by  the  nature  of  the  articulation  between  two  adjacent  arm-bones. 

By  treating  a  pièce  of  an  arm  with  caustic  potash,  the  upper, 
under  and  side  arm-plates  can  be  removed.  This  w^ill  expose  the  arm- 
bones  and  the  intervertébral  muscles.  The  muscles  can  then  be  re- 
moved, and  the  arm-bones  be  taken  apart. 

At  a  single  glance  with  the  naked  eye  the  articulating  surfaces 
seem  like  flat  planes  pressed  against  each  other,  but  a  close  inspec- 
tion with  a  hand  lens  or  low  power  of  the  microscope  reveals  the 
présence  of  bright  articulating  surfaces.  The  arrangement  of  thèse 
articulating  surfaces  is  very  complicated,  but  may  briefly  be  com- 
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pared,  both  in  arrangement  and  mode  of  action,  to  a  double  hinge 
joint.  Beginning  on  the  under  side  of  the  proximal  surface  immedi- 
ately  above  the  ventral  radial  canal  there  is  in  the  center  a  vertical 
ridge  which  fîts  into  a  corresponding  dépression  in  the  other  articu- 
lating  bone  ;  and  on  each  side  of  this  élévation  there  is  a  longitudinal 
dépression,  into  which  fit  corresponding  articulating  élévations  in  the 
other  bone.  This,  of  course,  allows  one  bone  to  swing  laterally  on  the 
other.  Above  thèse  vertical  dépressions  in  the  first  bone,  on  each 
side  of  the  first  articulating  ridge  are  two  latéral  dépressions  fitted  to 
receive  corresponding  latéral  élévations  in  the  second  bone.  Then 
above  the  first  articulating  ridge  in  the  first  bone  there  is  another 
crescent-shaped  latéral  articulating  ridge  that  plays  into  two  large 
oval  dépressions  on  either  side  in  the  second  bone,  and,  finally,  above 
ail  the  others  a  round  cup  into  which  fits  a  corresponding  bail  of  the 
second  bone.  Still  above  the  latter  in  the  first  bone  and  immediately 
below  the  dorsal  radial  canal  are  two  vertical  articulating  ridges 
running  parallel  with  each  other.  The  most  conspicuous  articulating 
surfaces  are,  therefore,  a  lower  médian  élévation  in  the  proximal  bone 
and  a  lower  médian  dépression  in  the  distal  bone;  then  above  this 
a  transverse  ridge  in  the  proximal,  and  a  transverse  dépression  in  the 
distal,  bone.  It  is  évident  from  this,  leaving  out  the  minor  articulat- 
ing surfaces,  that  the  whole  is  of  the  nature  of  a  compound  hinge 
joint,  which  on  account  of  the  upper  articulating  surfaces  is  consid- 
erably  restricted  in  its  vertical  movement,  while  considérable  free- 
dom  in  a  latéral  direction  is  secured. 

This  chain  of  bones  with  its  dorsal  and  ventral  canal,  as  well  as 
the  intervertébral  muscles,  is  covered  on  the  dorsal  side  by  the  upper 
arm-plates,  and  on  each  side  by  the  side  arm-plates,  and  on  the  un- 
der side  by  the  under  arm-plates.  Thèse  plates  overlap  each  other 
like  tile  on  a  roof.  It  has  been  found  that  in  the  course  of  develop- 
ment  the  outer  plates  develop  first,  and  that  they  develop  in  a  séries 
toward  the  center. 

The  side  arm-plates  issue  on  the  upper  side  from  underneath  the 
free  margin  of  the  upper  arm-plates,  and  proceed  thence  around  the 
arm  to  the  médian  ventral  line,  where  they  meet  in  a  straight  edge. 
Each  under  arm-plate  issues  from  under  the  free  ventral  margin  of 
the  side  arm-plate,  and  partly  overlaps  the  foUowing  pair  of  side  arm- 
plates,  presenting  thus  a  triangular  surface,  the  obtuse  proximal 
angle  of  each  under  arm-plate  coinciding  with  the  médian  ventral 
suture  formed  by  the  two  adjoining  side  arm-plates. 

On  the  free  outer  edge  of  each  side  arm-plate  are  three  cylindri- 
cal  spines,  tapering  abruptly  to  a  blunt  point,  and  lying  parallel  with 
each  other  and  with  the  long  axis  of  the  arm. 

Between  each  side  arm-plate  and  under  arm-plate,  immediately 
at  the  latéral  borders  of  each  under  arm-plate  and  just  below  the 
lowest  arm-spine,  are  the  openings  through  which  the  ambulacral 
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tentacles  are  protruded.  They  are  guarded  by  the  so-callcd  tentacle 
scales. 

The  ambulacral  tentacles,  corresponding  to  the  ambulacral  feet 
of  the  comraon  star-fish,  do  not,  as  the  latter,  pass  oui  between  the 
ambulacral  ossicles,  but  are  inserted  in  cups  on  the  lower  outer 
margins  of  the  latéral  disks. 

With  the  exception  of  the  upper  arm-plates,  which  en<l  at  the 
outer  border  of  the  dorsal  side  of  the  central  disk,  ail  the  parts  of  the 
arms  thus  far  described  extend  on  the  ventral  side  to  the  angle  of 
the  mou  th.  From  the  manner  in  which  the  mouth-parts  are  evidently 
formed,  as  well  as  the  évident  homology  of  the  ambulacral  tentacles 
of  Ophioglypha  to  the  ambulacral  feet  of  Asterias,  we  are  led  to  refer 
the  varions  parts  of  the  arms  of  Ophioglypha  to  corresponding  parts 
in  the  arms  of  the  common  star-fish.  The  under  arm-plates  of  Ophi- 
oglypha evidently  hâve  no  corresponding  part  in  the  arm  of  Asterias, 
and  must,  therefore,  be  regarded  as  peculiar  to  the  brittle-star.  On 
the  other  hand,  the  origin  of  the  ambulacral  tentacles,  corresponding 
in  num}:)er  to  the  number  of  arm-bones,  suggests  the  homology  of  the 
arm-bones  to  the  ambulacral  plates  in  Asterias,  each  arm-bone  having 
resulted  from  the  union  of  two  parallel  ambulacral  ossicles.  In  this 
case  we  hâve  to  assume  that  the  vertébral  ridge  in  the  star-fish  has 
been  shoved  up  towards  the  roof  of  the  gênerai  cavity  of  the  hollow 
arm,  till  the  ventral  side  of  two  ambulacral  plates  hâve  become  closely 
applied  to  one  another  and  firmly  cemented  together.  The  amliu- 
lacral  water-tube  and  the  radial  nerve-cord  would  then  hâve  to  be 
lowered  so  as  to  occupy  the  ventral  canal,  formed  by  the  beveled 
edges  of  the  ambulacral  plates.  This  is  the  position  which  the  radiat- 
ing  water-tube  and  brachial  nerve  occupy  in  Ophioglypha  sarsii. 
The  upper  radial  canal,  together  with  the  narrow  spaces  left  between 
the  outer  plates  and  the  muscles,  as  well  as  the  passage  formed  by  the 
groove  in  the  latéral  plates  of  each  arm-bone,  would  then  represent 
the  gênerai  cavity  of  the  arm.  Thus  by  nearly  obliterating  the  gênerai 
cavity  of  the  arm,  by  uniting  the  ambulacral  ossicles  at  their  ventral 
free  surfaces,  and  adding  the  accessory  under  arm-plates,  we  hâve 
the  narrow,  closed  cylindrical  arm  of  Ophioglypha  sarsii  from  the 
hollow  arm  of  Asterias.  That  each  arm-bone  of  Ophioglypha  sarsii 
has  resulted  from  the  union  of  two  bones  is  évident  from  the  présence 
of  a  dorsal  and  a  ventral  canal,  as  well  as  from  the  paired  arrange- 
ment of  the  articulating  surfaces  of  each  arm-bone.  By  means  of  a 
lens  it  can  be  seen  that  there  is  both  a  lower  single  médian  process 
and  an  upper  single  médian  process.  This  would  seem  to  be  against 
our  theory.  But  on  examining  thèse  with  a  low  power  of  the  mi- 
croscope a  vertical  dépression  can  be  seen,  which  is  evidently  the 
suture  resulting  from  the  union  of  two  latéral  processes  to  form  one 
single  médian  process.  I  hâve  seen  in  a  dried  spécimen  the  two 
halves  of  thèse  arm-bones  actually  fall  apart  along  this  suture  when 
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soaked  in  water.  The  homology  of  the  arm-bones  to  the  ambulacral 
plates  of  Asterias  is  further  plainly  shown  by  the  manner  in  which 
they  separate  and  reunite  to  form  the  jaw-bones, 

Some  such  homology  as  hère  pointed  ont  we  naturally  expect  to 
find  between  animais  so  nearly  related  as  Ophioglypha  and  Asterias 
are.  And  to  the  evolutionist  who  is  unable  to  conceive  of  a  separate 
création,  and  to  whom  the  important  problem  is  the  link  that  binds 
ail  living  things  into  a  connected  séries,  it  may  be  a  source  of  satis- 
faction to  know  that  there  is  not  another  missing  link  hère. 

There  is  one  important  fact,  however,  in  connection  with  the  ar- 
rangement of  parts  in  the  arm  of  Ophioglypha  that  is  hard  to  recon- 
cile with  corresponding  features  in  Asterias.  While  in  Asterias  the 
ambulacral  feet  as  well  as  the  latéral  branches  of  the  radial  water- 
tube  issue  from  between  two  adjacent  ambulacral  ossicles,  in  Ophi- 
oglypha the  ambulacral  tentacles  are  set  into  cups  hollowed  out  of 
the  latéral  disks.  They  are  therefore  centrally  located  with  référence 
to  each  ambulacral  or  arm-bone.  The  latéral  branches  of  the  radial 
water-tube  also,  as  well  as  the  branches  of  the  radial  nerve,  instead 
of  passing  out  between  the  articulating  surfaces,  proceed  to  their 
destination  through  canals  in  the  central  part  of  the  solid  bone.  This 
appears  to  me  to  be  a  fundamental  différence  to  which  it  is  difïicult 
to  give  a  satisfactory  explanation.  But  it  may  be  suggested  that  this 
peculiar  central  arrangement  of  the  ambulacral  System  in  Ophio- 
glypha may  hâve  resulted  from  the  growth  of  the  bone  on  one  side  in 
such  a  manner  as  to  enclose  them  in  its  solid  substance.  This  cer- 
tainly  has  taken  place  in  the  case  of  the  ventral  radial  canal  ctf  the 
first  two  arm-bones,  where  the  canal  of  the  water-tube,  instead  of 
being  part  of  the  main  ventral  canal,  is  separated  from  it  by  solid 
bone,  which  undoubtedly  has  resulted  from  the  growing  together  of 
the  bone  between  the  water-tube  and  the  radial  nerve-cord.  In  the 
sea  urchin,  furthermore,  the  water-tubes  and  nerve  corresponding  to 
those  under  considération  are  on  the  inside,  while  in  the  star-fish  they 
are  external  to  the  bony  parts.  This  may  hâve  resulted,  in  the  first 
case,  from  the  ossicles  uniting  by  their  outer  margin,  while  in  Asterias 
they  hâve  united  by  their  inner  margins.  The  case  of  Ophioglypha 
is  therefore  between  those  two,  or  a  combination  of  the  two,  where 
both  the  inner  and  the  outer  edges  hâve  united,  thus  enclosing  the 
branches  in  solid  bone. 

Comparing  the  entire  structure  of  Ophioglypha  with  that  of  As- 
terias, it  becomes  évident  that  Ophioglypha  is  considerably  inferior 
to  Asterias  in  many  respects.  Beginning  with  the  mouth-parts,  sup- 
pose that  instead  of  only  the  first  pair  of  arm-bones  separating,  and 
swinging  out  laterally  to  form  the  mouth  frame,  every  arm-bone  in 
Ophioglypha  has  separated  along  the  ventral  canal,  and  each  half 
swimg  laterally  below,  while  remaining  in  contact  above,  thus  lower- 
ing  the  dorsal  canal  which  would  become  the  ventral  ridge.     The 
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space  between  this  and  the  upper  arm-plates  would  thiis  be  increased 
and  the  hollow  arms  of  Asterias  would  resuit.  The  lower  arm-plates 
of  Ophioglypha  in  that  case  could  hâve  no  place  in  Asterias,  while 
the  side  arm-plates  would  become  the  adambulacral  plates  of  Asterias. 
Aside  frora  the  interest  attaching  to  such  comparisons,  it  is  evi- 
dently  barren  of  positive  results.  The  fact,  after  ail,  remains  that 
Ophioglypha  has  arms  peculiar  to  itself,  and  that  Asterias  has  arms 
peculiar  to  itself.  There  is  no  évidence  that  a  common  star-fish  ever 
has  arms  that  could  be  mistaken  for  the  arms  of  an  Ophiuran  any 
more  than  Ophioglypha  sarsii  has  ever  been  found  with  the  arms  of 
Asterias.  From  the  appearance  of  arms  that  are  being  reproduced, 
it  is  évident  that  in  both  cases  the  first  to  appear  is  a  soft  skin-like 
protrusion  from  the  central  disk,  in  which  calcareous  matter  is  gradu- 
ally  deposited,  and  from  which  the  varions  bones,  plates  and  ossicles 
are  finally  formed.  How  in  one  case  the  structure  of  Asterias,  and 
in  the  other  the  arm-plates  and  the  arm-bones  of  Ophioglypha,  re- 
suit, will  remain  to  be  answered  when  we  hâve  solved  the  problem 
of  life  itself.  The  positive  facts  that  confront  us  in  every  case  (possi- 
bly  because  of  the  briefness  of  the  period  of  our  observations)  are, 
that  from  a  single  egg  of  Ophioglypha  there  results  another  Ophi- 
oglypha, and  from  a  single  egg  of  Asterias  there  results  a  new  Aste- 
rias, and  that  in  every  case  each  has  its  own  characters  and  its  own 
individuality. 

The  Ambulacral  .  Watek-system 

The  ambulacral  water-system  consists  of  a  tubular  ring  from 
which  radiate  one  tube  for  each  arm.  The  radial  water-tube  lies  in 
the  ventral  radial  canal,  applied  closely  to  the  deepest  portion  of  this 
canal,  and  separated  from  the  radial  nerve-trunk  by  a  small  space. 
In  about  the  center  of  each  arm-bone  the  tube  sends  off  from  its 
dorsal  side  latéral  branches  that  communicate  with  the  ambulacral 
tentacles.  Thèse  latéral  branches  lie  in  canals  hollowed  ont  of  the 
arm-bone.  The  openings  of  thèse  canals,  two  for  each  arm-bone, 
can  be  seen  in  the  roof  of  the  radial  canal.  Their  course  for  some 
distance  is  in  a  vertical  direction;  then  they  make  a  turn,  and  finally 
take  a  downward  and  outward  course,  so  as  to  end  in  the  bottom  of 
the  cup  into  which  the  ambulacral  tentacles  are  inserted.  This  is  found 
on  the  lower,  outer  margin  of  the  latéral  disks  of  each  arm-bone. 
The  course  of  the  latéral  branches  of  the  water-tube  is  therefore  in 
the  form  of  an  inverted  V.  The  plane  in  which  this  lies,  however, 
is  not  perpendicular  to  the  long  axis  of  the  bone,  but  is  inclined  so 
that  a  transverse  section  in  a  vertical  plane  reveals  only  a  small  por- 
tion at  a  time.  Their  course  can,  therefore,  be  made  out  by  means  of 
numerous  sections.  The  tubes  are  small,  and  a  constant  use  of  the 
low  power  of  the  microscope  is  necessary  to  study  them.     Through 
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thèse  latéral  branches  the  contents  of  the  main  ambulacral  water- 
tube  gains  access  to  the  cavity  of  the  ambulacral  tentacles. 

This  arrangement  is  true  of  ail  arm-bones  except  the  first  two. 
Hère  the  radial  water-tube,  instead  of  occupying  the  upper  part  of 
the  ventral  canal,  lies  in  a  closed  canal  of  its  own,  and  is  separated 
from  the  nerve-trunk  by  solid  bone.  No  latéral  branches  are  liere 
given  off  to  the  tentacles  of  the  first  arm-bone.  The  tube  issues 
from  its  canal  through  a  round  foramen  in  the  middle  of  the  front 
face  of  the  nrst  arm-bone.  Hère  it  divides  into  two  branches.  Thèse 
take  an  upward  course,  and  turning  to  the  right  and  to  the  left  re- 
spectively  lie  in  a  shallow  groove  hollowed  ont  of  the  dorsal  side  of 
each  jaw  close  to  the  first  arm-bone.  In  the  middle  of  each  jaw-bone 
is  a  small  opening  visible  to  the  naked  eye.  This  is  the  canal  leading 
to  the  mouth-tentacles  and  to  the  first  ambidacral  tentacle,  Its  course 
is  slightly  curved.  It  passes,  however,  almost  directly  down  to  the 
bottom  of  the  socket  of  the  upper  mouth-tentacle;  but  before  enter- 
ing  hère  it  gives  off  a  side  branch  proceeding  to  the  socket  of  the 
lower  mouth-tentacle.  This  also,  before  its  termination,  sends  off  a 
branch  to  the  first  ambulacral  tentacle.  Through  this  branched 
canal  passes  a  branch  of  each  of  the  main  trunks.  Thèse  latter,  unit- 
ing  with  a  similar  from  the  next  arm,  form  the  oral  water-ring.  The 
oral  water-ring,  therefore,  is  somewhat  hexagonal,  and  lies  on  the 
dorsal  side  of  the  jaws,  outside  of  the  stomach  and  outside  the  nerve- 
ring.  The  canal  in  which  it  lies  is  shallow,  and  may  be  seen  close  to 
the  oral  surface  of  the  first  arm-bone,  where,  if  the  jaws  be  removed, 
can  be  seen  just  below  it  the  opening  leading  into  the  ventral  radial 
canal. 

The  Nervous  System 

The  nervous  System  consists  of  an  oral  nerve-rîng  and  a  radial 
nerve  in  each  arm.  The  nerve-ring  lies  in  a  deep  canal  hollowed  ont 
of  the  upper  part  of  the  jaw-bones  directly  over  the  bundle  of  muscles 
moving  the  jaws,  and  inside  the  ambulacral  water-ring.  Strangely 
enough  the  canal  is  open,  and  has  no  bony  covering  except  a  small 
portion  covered  by  the  peristomal  plate.  Between  the  jaws  the 
canal  lies  just  above  and  close  to  the  cavity  of  the  upper  mouth-ten- 
tacles, and  passes  thence  out  in  a  straight  line  to  the  middle  of  the 
front  face  of  the  first  arm-bone  of  each  arm  where  it  approaches  close 
to  the  water-ring  but  considerably  below  it.  At  the  angle  formed 
midway  between  two  adjoining  jaws  and  just  opposite  the  foramen 
leading  into  the  ventral  radial  canal,  it  sends  off"  a  radiating  branch 
which  passes  along  the  lower  half  of  this  canal.  The  nerve  canal, 
being  covered  only  partly  by  the  peristomal  plate,  can  easily  be  seen 
by  removing  that  part  of  the  stomach  which  constitutes  its  oral 
sphincter. 
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The  nerve-ring  gives  off  branches  which  pass  through  the  floor  of 
the  nerve  canal,  and  supply  the  muscles  of  the  teeth  and  tooth  papillœ 
and  the  muscles  of  the  javvs.  Branches  are  also  supplied  to  the 
mouth-tentacles  and  to  the  stomach. 

The  nerve-ring  is  in  the  form  of  a  five-pointed  star,  whose  points 
are  opposite  the  foramen  leading  into  the  ventral  radial  canal.  The 
radial  nerve  given  off  hère  consists  in  each  arm  of  three  main  trunks, 
supported  by  a  double  membrane  in  the  form  of  a  ribbon.  This 
band  lies  horizontally  across  the  ventral  radial  canal,  dividing  it 
into  an  upper  triangular  space,  intervening  between  the  nerve-band 
below  and  the  radial  water-tube  above;  and  also  a  lovver  space  below 
the  nerve-band  which  is  in  communication  with  the  gênerai  cavitv  of 
the  arm. 

The  radial  nerve-band  is  held  in  place  by  numerous  fibers  which 
suspend  it  to  the  roof  of  the  canal. 

At  about  the  center  of  each  arm-bone  and  opposite  each  pair  of 
ambulacral  tentacles  the  radial  nerve-band  swells  out  laterally  and 
sends  latéral  branches  of  nerves  along  the  médian  latéral  canal  of 
the  latéral  disks  to  the  cavity  of  the  ambulacral  tentacles.  Hère  the 
membrane  appears  to  divide,  one  portion  lîning  the  lower  part  of  the 
ambulacral  cup,  and  the  other  the  upper  part,  and  is  finally  applied 
to  the  tentacle  at  a  point  about  two-thirds  of  the  distance  from  the 
point  of  insertion  of  the  tentacle. 

The  latéral  nerve-branch  divides  in  the  neighborhood  of  the  ten- 
tacle, sending  one  branch  to  the  right  and  another  to  the  left,  so  as  to 
form  an  incomplète  ring  around  the  tentacle.  One  of  thèse  seems 
finally  to  enter  the  walls  of  the  tentacle  and  to  end  there,  while  the 
other  evidently  passes  out  to  the  periphery,  where  it  supplies  the  outer 
walls  and  spines  with  nerve  fibers.  This  arrangement  is  true,  how- 
ever,  only  of  that  portion  of  each  arm  which  is  outside  of  the  central 
disk.  In  that  portion  which  lies  in  the  disk  a  quite  différent  arrange- 
ment is  found.  Hère,  instead  of  passing  along  the  open  canal  on  the 
under  side  of  the  latéral  processes,  the  latéral  branches  of  the  radial 
nerve-trunk  lie  in  a  closed  canal  in  the  solid  bone.  This  canal,  opening 
into  the  roof  of  the  ventral  radial  canal  about  one-third  of  the  length 
of  an  arm-bone  from  the  articulating  surfaces,  proceeds  vertically  in 
a  plane  about  parallel  to  that  in  which  the  latéral  branches  of  the 
ambulacral  water-tube  lie,  and  finally  makes  a  turn  outward,  and 
issues  through  an  opening  running  along  the  outer  margin  of  the 
latéral  processes  of  the  arm-bones.  The  level  at  which  this  exit  is 
found  varies  with  each  arm-bone  from  the  mouth  towards  the  outer 
margin  of  the  disk.  At  the  periphery  of  the  disk  the  opening  is 
found  somewhat  above  the  médian  line  between  the  upper  and  lower 
radial  canals.  With  every  approach  toward  the  center  this  level  is 
lowered  until  it  approaches  close  upon  the  upper  margin  of  the  cup 
of  the  ambulacral  tentacles.    When  the  tentacles  are  removed  thèse 
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openings  can  be  seen  from  the  ventral  side,  the  dorsal  margin  of  the 
opening  being  raised  into  a  high  semicirciilar  cross-ridge,  which, 
being  continuons  with  the  prominent  edges  of  the  ventral,  latéral 
canal,  présents  a  somewhat  singular  appearance.  Along  this  canal 
the  latéral  nerve-branch  passes,  and  issues  to  the  surface  of  the  bone 
through  the  opening  at  the  base  of  the  above-mentioned  cross-ridge. 
It  thence  continues  along  the  canal  and  bifurcates  at  the  base  of  the 
tentacle,  forming  an  imperfect  ring  around  the  base  of  it,  one  branch 
supplying  the  tentacle  while  the  other  passes  on  to  the  periphery. 

The  radial  nerve-trunk  is  expanded  where  the  latéral  branches 
are  given  ofî  to  the  tentacles,  and  also  at  a  point  slightly  in  advance  of 
that  point.  Hère  is  where  latéral  branches  are  given  ofî  supplying 
the  intervertébral  muscles.  In  the  roof  of  the  ventral  radial  canal 
can  be  traced  the  latéral  branches  of  the  ambulacral  water-tube 
supplying  the  ambulacral  tentacles.  A  little  in  front  of  those  two 
openings  are  two  smaller  pores.  Thèse  are  the  openings  leading  into 
sinuous  canals  through  which  the  latéral  branches  of  nerves  supply- 
ing the  intervertébral  muscles  pass.  The  course  of  thèse  two  canals 
is  at  first  vertical  and  almost  parallel,  but  in  an  inclined  plane.  Hav- 
ing  ascended  about  half  way  through  the  bone,  the  canals  bifurcate, 
one  branch  passing  upward  and  outward  to  the  upper  area  of  inter- 
vertébral muscles,  while  the  other  branch  turns  downward  and  out- 
ward to  the  lower  area  of  intervertébral  muscles.  Through  thèse 
canals  the  nerves  supplying  the  intervertébral  muscles  pass. 

The  brittleness  of  thèse  arms  is  due  to  the  numerous  joints,  the 
excessive  development  of  the  calcareous  plates  and  ossicles,  and  to 
the  absence  of  connective  tissue,  tendons  and  ligaments  holding  the 
joints  in  place. 


A   FEW  POINTS   FROM    THE   STUDY   OF 
ECHINARACHNIUS 

EMILY  RAY  GREGORY 

EcHiNARACHNius  parma  is  a  Clypeastroid  Urchin  commonly 
called  the  Sand-dollar.  The  présent  study  was  undertaken  to  secure 
a  fairly  complète  anatomy  of  tliis  animal  which  is  but  scantily  referred 
to  by  most  writers.  There  are  but  three  points  to  which  I  wish  to 
call  attention  to-day. 

1.  The  existence  of  two  kinds  of  sphseridia. 

One  of  them  is  the  well-known  stalked  globular  form.  There  are 
five  of  thèse,  each  enclosed  in  a  capsule  of  the  test  at  the  oral  end  of 
one  of  the  ambulacral  grooves.  The  other,  the  second  kind,  does 
not  seem  to  hâve  been  recognized  before.  Thèse  bodies  are  more 
or  less  rounded  sessile  knobs  of  clear  crystalline  structure,  which  re- 
fract  the  light  and  are  covered  by  a  very  thin  layer  of  the  epithelium. 
A  central  nodule  can  be  distinguished.  Thèse  organs  difîer  greatly 
in  size,  and  are  very  numerous  on  both  surfaces  of  the  test.  On  the 
oral  surface  the  actinal  grooves  near  the  mouth  are  closely  studded 
with  them.  Otherwise  I  hâve  not  determined  a  definite  arrange- 
ment. The  lens-like  structure  with  its  délicate  covering;  recalls 
organs  sensitive  to  light,  and  the  habits  of  the  sand-dollar  indicate 
such  sensitiveness  very  strongly.  Although  one  would  not  suppose 
this  to  be  the  main  function  of  thèse  organs  on  the  oral  surface,  it 
is  to  be  recalled  that  the  animais  can  and  do  turn  upside  down,  though 
one  does  not  generally  find  them  in  that  position. 

2.  The  second  point  to  which  I  wish  to  call  your  attention  is  the 
variation  in  the  skeletons  of  the  spines  as  to  size  and  structure.  We 
may  note  first,  however,  that  in  ail  of  them  the  skeleton  consists  of  a 
central  rod  with  longitudinal  serrated  ridges  radially  arranged,  so  that 
a  cross-section  gives  a  star  with  from  6-13  points,  as  observed  so  far. 
The  skeleton  is  regularly  fenestrated. 

The  heaviest  spines  are  on  the  ambitus.  They  are  straight  and 
longer  than  any  others  except  those  over  the  mouth  and  a  few  of  those 
on  the  anterior  side  of  the  oral  surface.  The  adaptation  to  protec- 
tion and  locomotion  is  clear. 

Over  the  mouth  opening  are  others,  almost  as  heavy,  as  long  or 
longer,  straight  or  bent.  Thèse,  too,  must  be  protective  and  may  be 
used  in  feeding. 
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The  rest  of  the  oral  surface  is  covered  with  slender  spines,  long 
or  of  médium  length,  rather  sparsely  arranged,  and  there  are  very 
small,  slender,  inconspicuous  ones  between. 

On  the  aboral  surface  there  is  a  dense  array  of  short  spines,  of 
two  sorts.  The  larger  are  stout,  with  an  enlarged  head  which  is 
flattened  parallel  to  the  ambitus  and  bends  slightly  towards  it.  Be- 
tween thèse  there  are  extremely  small  and  slender  ones. 

3.  A  third  point  to  which  I  would  call  attention  is  a  curious 
thread-like  tube  which  takes  its  origin  from  the  intestine  at  the  point 
where  it  makes  a  sharp  bend  in  returning  to  the  anal  area.  This 
tube  passes  forward  and  around  the  edge  of  the  main  body  cavity, 
sending;  off  branches  into  the  interradial  areas  and  sometimes  also 
into  the  ambulacral  areas,  and  ends  blindly  m  the  last  niterradial 
area,  after  practically  completing  the  circle.  In  the  young  animal 
much  of  it  is  greatly  distended  with  sand.  In  adult  animais  only  a 
few  scattered  grains  are  found  in  it,  and  it  has,  rather,  the  appear- 
ance  of  a  vestigial  structure.  It  has  no  connection  with  the  small 
short  siphon  near  the  oral  end  of  the  intestine,  and  seems  to  hâve, 
therefore,  no  homology  with  the  siphons  of  other  forms,  but  to  be 
unique  in  structure  and  function. 


SUR   LA    STRUCTURE   INTIME   DES   TENTACULES 
OCULAIRES    CHEZ    HELIX    POMATIA 

(Abstract) 
EMILE   YUNG 

Ces  organes  qui  cumulent  des  fonctions  si  diverses  et  dont  le 
pouvoir  moteur  est  si  grand  qu'ils  peuvent  s'in  vaginer  4  à  500  fois 
de  suite,  ne  manifestant  leur  fatigue  que  par  une  extension  incom- 
plète, ne  paraissent  pourtant  recevoir  aucun  nerf  moteur.  En  effet 
les  seuls  nerfs  partant  des  masses  ganglionnaires  centrales  et  se 
rendant  dans  les  tentacules,  sont  le  nerf  tentaculaire  aboutissant  au 
ganglion  périphérique  du  même  nom  et  le  nerf  optique  se  rendant 
à  l'œil.  L'examen  attentif  du  parcours  de  ces  nerfs  ne  montre  mille 
part  qu'ils  fournissent  des  raumseules  aux  muscles  de  la  peau  ou  au 
fourreau  musculaire  interne  du  tentacule.  La  question  du  méca- 
nisme de  l'invagination  du  tentacule  se  pose  donc  ainsi.  Avons  vous 
à  faire  avec  un  muscle  dont  le  myoplasme  a  encore  conservé  intact 
le  pouvoir  de  se  contracter  indépendamment  de  toute  intervention 
nerveuse?  Ou  bien  obéissant  à  une  règle  constante  chez  les  ani- 
maux supérieurs  ce  myoplasme  se  contracte-il  à  la  suite  d'une 
excitation  neuroplasmatique  ?  En  d'autres  termes,  les  jNIollusques- 
tels  que  Hélix  ont-ils  accompli  ou  non,  la  division  du  travail  fonc- 
tionnel entre  les  deux  plasmas  ?  A  s'en  tenir  à  ce  que  nous  savons  de 
l'organisation  tentaculaire,  il  faudrait  répondre  par  la  négative  à 
une  pareille  question.  Cependant  M.  Yung  a  découvert  en  détail- 
lant en  couper  minces  des  tentacules  convenablement  fixés  et  en  étu- 
diant ceux  unpregnés  par  la  méthode  de  Golgi  légèrement  modifiée, 
des  éléments  cellulaires  répandus  dans  la  paroi  externe  du  tentacule 
y  près  de  l'extrémité  de  celui-ci  dont  la  nature  nerveuse  semble  in- 
contestable. Ces  cellules  multipolaires  envoyent  un  prolongement 
dans  les  muscles  et  se  trouvent  mises  par  d'autres  prolongement  en 
relations  de  continuité  avec  les  petites  cellules  sensorielles  du  gang- 
lion tentaculaire.  Elles  constituent  des  centres  ganglionnaires  diffus 
comparables  à  ceux  qui  existent  dans  la  paroi  du  cœur  de  la  gren- 
ouille, par  exemple.  Leur  existence  explique  le  mécanisme  de 
l'invagination  et  le  fait  que  celle-ci  peut  être  encore  actuellement 
accomplie  après  l'ablation  du  tentacule  y  sa  séparation  complète 
de  tout  autre  ganglionnaire. 


THE  MORPHOLOGY   OF    THE    EYE   MUSCLE   NERVES 

H.  V.  NEAL 

The  morphological  comparability  of  the  eye  muscle  nerves  with 
ventral  spinal  nerves  has  generally  been  conceded  since  the  discovery 
of  ventral  (somatic  motor)  nerves  in  Amphioxus.  In  the  adult 
vertebrate  their  histological  structure  and  nidulus  of  origin  are  similar. 
But  peculiarities  in  the  development  of  the  eye  muscle  nerves  in 
elasmobranchs  and  différences  of  opinion  concerning  the  origin  of 
the  musculature  innervated  by  them  has  not  only  revived  the  ques- 
tion of  their  morphology,  but  also  the  perennial  problem  of  the  sériai 
homology  of  pre-otic  and  post-otic  metameres.  In  fact,  thèse  two 
probleras  are  intimately  connected  with  each  other.  The  eye  muscle 
nerves  in  Connecting  mesodermic  with  ectodermic  constituents  of  head 
segments  serve  as  most  important  criteria  of  both  the  nature  and 
the  number  of  head  segments.  It  is  scarcely  an  exaggeration  to  say 
that  the  comparability  of  head  and  trunk  metameres  dépends  largely 
upon  the  comparability  of  the  eye  muscle  nerves  with  ventral  spinal 
nerves. 

The  following  évidence  based  upon  a  study  of  their  histogenesis 
in  the  spiny  dogfish  (Squalm  acanthias)  is  conclusive  in  showing  their 
histogenetic  similarity. 

1.  The  neuraxones  of  both  ventral  spinal  nerves  and  of  the  eye 
muscle  nerves  develop  as  processes  of  neuroblasts  situated  in  the 
ventro-lateral  wall  of  the  neural  tube.  Thèse  relations  are  shown 
in  Figs.  1-4. 

2.  The  neuraxones  of  both  the  ventral  spinal  nerves  and  of  the 
eye  muscle  nerves  become  secondarily  surrounded  by  neurilemma 
cells  partly  derived  by  migration  from  the  neural  tube  and  partly 
from  the  adjacent  mesenchyma. 

3.  Both  spinal  ventral  nerves  and  eye  muscle  nerves  become 
associated  with  dorsal  nerves  and  with  migrant  cells  derived  from 
them.  The  abducens,  however,  like  the  anterior  (embryonic)  root 
of  the  hypoglossus,  does  not  come  into  connection  with  any  dorsal 
nerve,  and  receives  no  cellular  addition  from  this  source.  The  mi- 
grant cells  from  the  dorsal  ganglia  which  become  associated  with 
spinal  ventral  nerves  form  the  sympathetic  ganglia.  Similarly,  cells 
derived  from  the  ganglion  of  the  ramus  ophthalmicus  profundus 
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trigemini  in  connection  with  the  oculomotorius  become  the  ciliary 
ganglion  of  the  adult  (Figs.  2  and  5).  A  number  of  the  sympathetic 
gangha  associated  with  spinal  ventral  nerves  are  transient  (as  stated 
by  Hoffmann,  1900)  and  disappear  early  in  development.    Such  is  the 
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FiG.  1.  —  A  diagram  showing  the  topographie  relations  of  dorsal  and  sympa- 
thetic ganglia  to  a  ventral  (somatic  motor)  nerve  in  the  trunk  région  of  a 
Squalus  embryo  of  15  mm. 

ao.,  dorsal  aorta;  cd.  ds.,  noto-chord;  gn.  dors.,  dorsal  ganglion;  my., 
myotome;  nid.,  nidulus  of  ventral  nerve;  nv.  v.,  ventral  nerve;  sy.  g.,  sym- 
pathetic ganglion;   ib.  n.,  neural  tube. 

FiG.  2.  —  A  diagram  showing  the  relations  of  the  oculomotorius  nerve  to  a  sym- 
pathetic (ciliary)  ganglion  and  to  the  ganglion  of  the  ramus  ophthalmicus 
profundus  trigemini  as  seen  in  a  Squalus  embryo  of  11  mm.  The  relations 
are  essentially  the  same  as  those  shown  in  Fig.  1.  In  both  cases  the  sympa- 
thetic ganglion  has  been  fonned  by  a  migration  of  cells  from  the  dorsal 
ganglion.  The  réduction  in  the  myotome  of  van  Wijhe's  first  somite  allows 
the  precocious  connection  of  the  profundus  nerve  with  the  skin  and  results 
in  the  slightly  différent  topographie  relations  shown  in  the  diagram. 

ao.,  dorsal  aorta;  gn.  m' s' ce.,  ganglion  of  the  ramus  ophthalmicus  pro- 
fundus trigemini  ("mesocephalic"  ganglion);  ??»/.,'  myotome  of  van  Wijhe's 
first  somite;  nid.,  motor  nidulus;  oc' m.,  oculomotorius  nerve;  r.  pr'f.  V., 
ramus  ophthalmicus  profundus  trigemini  (which  is  connected  with  the 
brain  at  a  point  much  posterior  to  that  at  which  the  oculomotorius  émerges)  ; 
sy.  g.,  sympathetic  (ciliary)  ganglion;  IL,  mid-brain  vesicle  (second  brain 
neuromere). 

fate  also  of  the  cells  which  migrate  into  connection  with  the  trochlearis 
from  the  ramus  ophthalmicus  superficialis  trigemini  (Figs.  4  and  5). 
Miss  Platt  ('91)  and  Dohrn  ('07)  hâve  considered  the  connection  of 
the  trochlearis  with  the  ramus  ophthalmicus  superficialis  trigemini 
and  with  the  cells  proliferated  from  it  as  évidence  that  the  trochlearis 
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was  primarily  a  mixed  (dorsal)  nerve.  On  the  contrary,  thèse  rela- 
tions are  precisely  those  of  a  ventral  spinal  nerve.  Only  in  the  ultra- 
dorsal point  of  émergence  of  its  fibres  and  in  its  dorsal  chiasma  does 


FiG.  3.  —  A  diagram  showing  the  relations  of  the  abducens  nerve  as  shown  in 
a  Squalus  embryo  of  13  mm.  The  abducens,  like  the  primitive  ventral 
nerves  of  Amphioxus,  does  not  become  connected  with  a  dorsal  nerve  and 
therefore  is  not  associated  with  a  sympathetic  ganglion.  Its  central  rela- 
tions and  distribution  to  somatic  musculature,  however,  sufficiently  attests 
its  sériai  homology  with  spinal  ventral  nerves.  The  nidulus  of  the  abducens 
extends  through  two  brain  nevxromeres  (VII  and  VIII),  from  both  of  which 
the  cells  which  form  the  vagus  ganglion  are  proliferated. 

abd.,  abducens;  ao.,  dorsal  aorta;  gn.  vag.,  vagus  ganglion;  my.,^  myo- 
tome  of  van  Wijhe's  third  somite;  nid.  abd.,  nidulus  of  the  abducens;  VII, 
neuromere,  or  encephalomere  VII. 

FiG.  4.  —  A  diagram  showing  the  relations  of  the  trochlearis  as  seen  in  a  Squalus 
embryo  of  25  mm.  Thèse  are  seen  to  be  similar  to  those  of  the  oculomotorius 
ÇFig.  2)  except  for  the  dorsal  chiasma.  The  nidulus  of  the  trochlearis  lies 
immediately  posterior  to  that  of  the  oculomotorius  in  the  third  brain  neuro- 
mere. The  trochlearis  is  connected  with  the  ramus  ophthalmicus  super- 
ficialis  trigemini  and  with  a  ganglion  derived  from  this  nerve  in  precisely 
the  same  manner  as  the  oculomotorius  is  associated  with  the  ramus  ophthal- 
micus profundus  trigemini  and  the  ciliary  ganglion. 

ch.  dors.,  dorsal  chiasma;  my.,^  myotome  of  van  Wijhe's  second  somite; 
nid.  tr'ch.,  nidulus  of  the  trochlearis  ;  r.  sup.  V.,  ramus  ophth.  superficialis 
trigemini;  sy.  g.,  the  transient  sympathetic  ganglion,  derived  from  the 
ganglion  of  the  r.  opth.  sup.  trigemini;  tr'ch.,  trochlearis;  III,  neuromere  3. 


the  trochlearis  difîer  from  a  spinal  ventral  nerve.     But  in  thèse  re- 
spects it  diflfers  quite  as  much  from  a  dorsal  nerve. 

The  relations  of  the  abducens  nerve,  as  shown  in  Fig.  3,  are  seen 
to  be  similar  to  those  of  the  ventral  nerves  of  amphioxus.  The  somatic 
nature  of  the  musculature  innervated  by  the  abducens,  trochlearis 
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and  oculomotorius  has  been  demonstrated  for  cvclostomes  (Kolt- 
zoff  '01),  selachians  (van  Wijhe  '02,  Platt  '91,  Hoffmann  '94,  Neal 
'98),  teleosts  (Boecke  '03)  and  amphibia  (Platt,  '97). 

The  foregoing  évidence,  taken  in  connection  with  the  well-known 
histological  similarity  of  the  eye  muscle  nerves  and  spinal  ventral 
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FiG.  5.  —  A  diagram  showing  the  metameric  relations  of  the  eye  muscle  nerves, 
based  upon  the  conditions  found  in  Squalus  embryos.  The  diagram  is  a 
composite  of  différent  stages  of  development.  The  relations  of  the  pro- 
fundus  nerve  (r.  j)r'f.  F.)  to  the  oculomotorius  are  as  they  appear  in  a  12  mm. 
embry-o,  while  the  relations  of  the  superficialis  (r.  sup.  Y .)  to  the  troclilearis 
are  as  they  appear  in  a  25  mm.  embiyo.  The  neuromeres  (I  to  VII)  and 
somites  (A  to  6)  are  drawn  from  a  much  earlier  stage  of  development.  The 
diagram  is  intended  to  show  the  greatly  modified  metameric  relations  of 
the  eye  muscle  nerves,  which  the  présent  paper  attempts  to  explain. 


ahd.,  abducens   nerve;    A.,  anterior  somite  of  Miss  Platt;    g.  c. 


gill 


clefts  1,  2  and  3;  hyp.,^  first  (transient)  root  of  the  hypoglossus;  oc'm., 
oculomotorius  nerve;  OU.,  olfactory  pit;  Ot.,  otic  vesicle;  r.  pr'f.  V.,  ramus 
ophthalmicus  profundus  trigemini;  r.  sup.  V.,  ramus  ophthalmicus  superfi- 
cialis trigemini;  r.  rec.  abd.,  ramus  recurrens  abducens;  tr'ch.,  trochlearis 
nerve;  tr.  art.,  truncus  arteriosus. 

L.,   Lens;     M.,    Mouth;     I-VII,   Brain    neuromeres    (encephalomeres) ; 
1-6,  somites  of  van  Wijhe. 


nerves  in  the  adult  seems  to  force  us  to  the  conclusion  that  the  eye 
muscle  nerves  are  morphologically  comparable  and  serially  homolo- 
gous  with  spinal  ventral  nerves.  But  there  are  some  striking  peculiar- 
ities  in  the  relations  of  the  eye  muscle  nerves  which  differentiate 
them  from  spinal  ventral  nerves  and  which  therefore  require 
explanation. 
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Thèse  are: 

First,  the  innervation  of  a  pre-otic  muscle,  the  posterior  rectus, 
by  a  post-otic  ventral  nerve,  the  abducens  (Fig.  5). 

Second,  the  innervation  by  the  abducens  of  musculature  (m.  pos- 
terior rectus)  derived  from  two  myotomes,  the  second  and  third  of 
van  Wijhe  ^  (Figs.  5  and  10). 

Third,  the  innervation  of  musculature  derived  from  one  somite 
(van  ^Yijhe's  second)  by  two  ventral  nerves,  the  trochlearis  and 
abducens.  This  relation  is  the  more  remarkable  since  thèse  two 
nerves  hâve  widely  separated  origins  (niduli)  Fig.  5. 

Fourth,  the  ultra-dorsal  point  of  émergence  and  the  chiasma  of 
the  trochlearis  (Fig.  4). 

It  therefore  devolves  upon  those  who  claim  the  sériai  homology  of 
eye  muscle  nerves  and  spinal  ventral  nerves  to  explain  how  thèse 
strange  relations  hâve  come  to  exist.  To  do  so  fully,  however,  would 
mean  a  complète  phylogeny  of  the  Vertebrate  head.  I  venture  the 
following  suggestions  as  provisional  answers  to  the  problems  suggested  : 

First,  as  regards  the  problem  of  the  peculiar  distribution  of  the 
abducens,  we  find  a  due  in  the  présent  nerve  relations  of  the  two 
anterior  post-otic  somites  of  Petromyzon  (Fig.  6).  During  develop- 
ment  thèse  somites  divide  into  latéral  and  médian  portions,  of  which 
the  former  lies  latéral  to  the  otic  capsule  and  nerve  ganglia,  and  the 
latter  adjacent  to  the  notochord  (Figs.  8  and  9).  The  latéral  portion 
divides  (completely  in  the  case  of  the  first  post-otic  myotome)  into  a 
dorsal  division  (above  the  otic  capsule)  and  a  ventral  division  below, 
the  division  taking  place  along  the  dorso-lateral  line  of  sensé  organs 
(Fig.  7).  In  later  stages  of  development  the  médian  divisions  of  the 
myotomes  degenerate  and  disappear  (Fig.  9)  and  with  them,  I  infer, 
the  related  ventral  nerves.  The  latéral  divisions,  however,  persist 
and  become  innervated  by  nerves  of  posterior  myotomes, 'viz.,  the 
fourth  and  fifth  post-otic.  We  hâve  hère,  then,  a  clear  case  of  the 
substitution  of  the  ventral  nerve  of  a  posterior  myotome  for  those  of 
anterior  myotomes.  In  order  to  explain  the  présent  relations  of  the 
abducens,  ail  that  is  needed  is  to  assume  a  similar  substitution  of  a 
post-otic  nerve  for  a  pre-otic  one  under  conditions  similar  to  those  just 
described  in  Petromyzon.  The  conditions  which  hâve  resulted  in 
the  subdivision  of  the  post-otic  myotomes  in  Petromyzon  are  practi- 
cally  identical  with  those  in  the  pre-otic  région.  There  is  in  fact  an 
ontogenetic  division  of  the  myotomes  of  van  Wijhe's  first  and  second 
(pre-otic)  somites  into  dorsal  and  ventral  portions  (Fig.  10).  The 
assumption  is  therefore  not  purely  gratuitous  that,  precisely  as  the 

^  It  has  hitherto  been  held  on  the  basis  of  évidence  given  by  van  Wijhe  ('82), 
Miss  Platt  ('91)  and  Lanib  ('02)  that  the  posterior  rectus  muscle  is  derived  from 
van  Wijhe's  third  somite.  Dohrn  ('04),  however,  has  correctly  stated  that  the 
posterior  rectus  is  derived  from  both  the  second  and  tliird  somites,  i.  e.  from  two 
myotomes  instead  of  one. 
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Ventral  nerves  of  the  fourth  and  fifth  post-otic  somites  grow  forward 
to  innervate  the  latéral  portions  of  the  first  and  second  post-otic  som- 
ites, so  the  abducens  has  come  to  innervate  the  ventral  portion  of  van 
Wijhe's  second  and  third  myotomes  whose  médian  portions  hâve  de- 
generated.  The  rudimentary  and  transient  ramus  recurrens  of  the 
abducens  (Figs.  5  and  10)  is  suggestive  of  a  former  posterior  distri- 
bution of  the  abducens. 
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FiG.  6.  —  A  diagram  of  the  left  latéral  aspect  of  the  head  of  a  Petromyzon  em- 
bryo  of  50  mm.,  showing  the  relations  of  the  post-otic  myotomes  and  their 
associated  ventral  nerves.  The  innervation  of  the  first  three  post-otic 
myotomes  (4,  5,  6)  by  the  ventral  nerves  of  the  fourth  and  fifth  post-otic 
myotomes  (7,  8)  is  to  be  especially  noted,  as  is,  also,  the  splitting  of  the 
first  post-otic  myotome  (4)  along  the  dorsal-lateral  line  into  a  dorsal_  and  a 
ventral  division.  The  homology  of  the  first  post-otic  somite  of  Petromyzon 
with  the  fourth  somite  of  Squalus  is  based  upon  the  évidence  given  by  Koltzofï 
('02). 

m.  l.  sub.,  sub-branchial  portion  (=  hypoglossus  musculature  of  Gna- 
thostomata)  of  the  latéral  trunk  musculature;  n'v.,^  n'v.,^  dorsal  and  ven- 
tral branches  of  the  first  and  second  post-otic  nerves;  Olf.,  Olfactory  pit. ; 
Ot.,  otic  capsule;  4  d-  l-,  4  'V-  l-,  dorsal  and  ventral  divisions  of  the  first  post- 
otic  myotome;  4-9,  first  to  sixth  post-otic  myotomes. 

I  am  well  aware  that  the  foregoing  explanation  of  the  présent 
curions  distribution  of  the  abducens  to  pre-otic  myotomes  will  not 
seem  reasonable  to  those  morphologists  who  hold  the  view  of  the 
primary  connection  of  nerve  and  muscle,  and  who  presumably  would 
find  in  the  assumption  of  a  migration  of  post-otic  musculature  into 
the  pre-otic  région  the  explanation  of  the  distribution  of  the  abducens. 
Such  an  ontogenetic  migration  of  post-otic  musculature  into  the  pre- 
otic  région  actually  does  take  place  (Figs.  6  and  7)  in  Petromyzon. 
But  the  entire  absence  of  any  évidence  from  any  Vertebrate  of  the  post- 
otic  origin  of  the  cells  which  form  the  posterior  rectus  muscle  (in- 
nervated  by  the  abducens)  seems  to  me  to  be  a  fatal  objection  to  this 
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hypothesis.  Furtherraore,  this  hypothesis  entirely  ignores  the  fact 
that  the  abducens  (a  nerve  with  a  post-otic  nidulus)  innervâtes  the 
myotome  of  van  Wijhe's  second  somite  which  is  also  innervated  by 
the  trochlearis,  a  pre-otic  nerve  (Figs.  5  and  10).  If  the  hypothesis 
were  true,  it  would  be  necessary  to  assume  a  migration  of  the  nidulus 
of  the  trochlearis  from  behind  the  ear  into  its  présent  position.  Of 
such  a  migration  of  a  motor  nidulus  there  is  neither  comparative 
anatomical  nor  embryological  évidence.  On  the  other  hand,  there  is 
much  évidence  of  the  distribution  of  motor  nerves  such  as  the  abdu- 
cens into  metameres  other  than  those  in  which  they  hâve  their  nidulus. 
I  therefore  conclude  that  the  abducens  is  serially  homologous  with 


FiG.  7.  —  A  diagram  based  upon  a  reconstruction  of  a  3.5  mm.  embryo  of  Petro- 
myzon  by  Koltzoff  ('02)  showing  the  splitting  of  the  anterior  post-otic 
myotomes  into  médian  and  latéral  divisions.  In  order  to  explain  the  présent 
relations  of  the  eye  muscle  neives  (Fig.  5)  to  the  pre-otic  myotomes  in 
Squalus,  a  similar  subdivision  of  the  myotomes  of  van  Wijhe's  first,  second 
and  third  somites  may  be  assumed. 

L.,  Lens;  N.,  olfactory  pit;  Ot.,  Otic  capsule;  Thyr.,  Thyroid;  1-7, 
somites  1  to  7,  homologous  according  to  Koltzoff  ('02)  to  van  Wijhe's  first 
to  seventh  somites  in  Sclachians. 


spinal  ventral  nerves  and  that  its  présent  relations  with  pre-otic  myo- 
tomes (van  Wijhe's  second  and  third)  hâve  been  acquired  secondarily 
through  substitution. 

Turning  now  to  the  question  as  to  how  the  abducens  has  come  to 
innervate  two  myotomes,  it  is  readily  seen  that  the  answer  is  closely 
related  to  the  one  stated  above.  We  hâve  in  the  relations  of  the  ab- 
ducens to  van  Wijhe's  second  and  third  sommités  no  simple  case  of 
bimeric  nerve  distribution  such  as  obtains  in  the  typical  trunk  seg- 
ments, where  each  ventral  nerve  is  distributed  to  two  adjacent  myo- 
tomes, thus  insuring  greater  coordination,  but  we  hâve  a  case  of  nerve 
substitution  such  as  occurs  in  Petromyzon.  The  fact  that  the  abducens 
usurps  the  place  of  two  ventral  nerves  instead  of  one  and  comes  to 
innervate  two  myotomes  is  a  problem  of  no  spécial  difficulty  to  one 
who  accepts  the  principle  of  nerve  substitution. 
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A  greater  difficulty  is  presented  by  the  relation  of  two  nerves,  viz. 
the  abducens  and  the  trochlearis,  to  différent  portions  of  the  myotome 
of  van  Wijhe's  second  somite  (Figs.  5  and  10).  Like  the  anterior  post- 
otic  myotomes  of  Petromyzon,  van  Wijhe's  second  myotome  divides 


FiG.  8.  —  A  diagram,  based  upon  a  cross  section  of  a  Petromyzon  embryo  of 
3.5  mm.,  showing  the  three  divisions  (M^m,  M^v.  l.  and  M ^d.  l.)  of  the  first 
post-otic  myotome,  and  their  relations  to  the  otic  capsule.  The  hypothetical 
primitive  connection  of  a  ventral  nerve  with  the  médian  division  of  the  myo- 
tome is  shown.  This  portion  of  the  myotome  {M ^m.)  disappears  in  ontogeny. 
The  two  divisions  latéral  to  the  ear  become  innervated  by  the  ventral  nerves 
of  the  fourth  and  fifth  post-otic  myotomes.  By  a  similar  substitution,  it 
may  be  inferred,  a  portion  of  the  myotome  of  van  Wijhe's  second  somite 
bas  been  innervated  by  the  abducens,  the  nerve  of  a  post-otic  segment. 

M^d.  L,  M^v.  L,  M^yyi.,  dorsolateral,  ventrolateral  and  médian  divisions 
of  the  first  post-otic  myotome;  ot.,  otic  capsule. 

FiG.  9.  —  A  diagram,  based  upon  a  frontal  section  in  the  occipital  région  of  a 
Petromyzon  embryo  (4  mm.)  showing  the  relations  of  the  anteriormost 
post-otic  ventral  nerves  to  the  myotomes.  The  diagram  also  shows  the 
division  of  the  anterior  post-otic  myotomes  into  a  médian  portion  and  a 
portion  latéral  to  the  ear.  Two  alternative  explanations  of  the  peculiar 
nerve  relations  shown  in  the  diagram  may  be  given.  First,  the  nerve  (v.  v.) 
which  innervâtes  the  five  anteriormost  post-otic  myotomes  is  composed 
of  the  fused  ventral  nerves  of  thèse  five  segments,  each  of  which  retains  its 
primary  connection  with  its  related  myotome.  Second,  the  ventral  nerves 
associated  with  the  anterior  myotomes  (M^,  M ^,  M f)  hâve  disappeared  with 
the  médian  division  of  the  myotome,  while  the  latéral  persisting  portions 
hâve  become  innervated  by  the  nerves  of  the  two  following  myotomes 
(M,,  M  g)  by  a  process  of  substitution.  To  those  wiio  hold  the  Hensen  theory 
of  the  primary  continuity  of  nerve  and  muscle,  the  former  explanation  will 
seem  the  only  tenable  hypothesis.  If  this  explanation,  however,  were  cor- 
rect, we  should  expect  to  be  able  to  find  the  nidulus  of  the  nerve  extending 
anteriorly  to  the  otic  capsule.  Of  this,  there  is  no  évidence.  This  fact,  taken 
together  with  the  overwhelming  évidence  in  favor  of  the  process  theorj^  of 
nerve  development,  tends  to  support  the  second  explanation.  The  relations 
of  the  abducens  to  van  Wijhe's  second  and  third  myotomes  are  likewise  best 
explained  as  a  resuit  of  nerve  substitution. 

M^-M^,  Myotomic  divisions  of  the  anteriormost  five  post-otic  somites; 
M. m..,  médian  (transient)  division  of  the  second  post-otic  myotome;  Ot., 
otic  capsule;  v.  n.,  ventral  nerve. 
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ontogenetically  into  a  dorsal  portion  forming  the  superior  oblique 
muscle  (innervated  by  the  trochlearis)  and  a  ventral  portion  forming 
a  part  of  the  posterior  rectus  muscle  (innervated  by  the  abdueens). 
The  eye  seems  to  be  the  chief  factor  in  bringing  about  this  subdivision 
of  the  myotome,  acting  in  the  same  way  as  the  ear  in  the  case  of  the 
post-otic  myotomes  of  Petromyzon  (Figs.  7,  S  and  10).  It  may 
reasonably  be  assumed,  in  order  to  explain  the  distribution  of  the 
abdueens  to  the  ventral,  and  of  the  trochlearis  to  the  dorsal,  of  the 


Tr'cli 


FiG.  10.  —  A  diagram  of  the  left  latéral  aspect  of  the  head  of  a  Squalus  embryo, 
showing  the  hypothetical  primitive  relations  of  the  eye  muscles  to  the 
latéral  trunk  musculature.  Those  myotomic  divisions  which  are  not  func- 
tional  in  the  adult  Squalus  are  indicated  by  dotted  Unes.  Only  those  pre- 
otic  myotomes  which  acquired  connection  with  the  bulbus  oculi  and  became 
functional  in  moving  the  eye  hâve  survived.  The  homologues  of  myotomes 
4,  5  arîd  6  are,  however,  functional  in  the  adult  Amphioxus  and  Petromyzon. 

abd.,  abdueens;  m.  hyp.,  hypoglossus  musculature;  n.  hyp.,  hypoglossus 
nerve;  oc' m.,  oculomotorius ;  sp.,  spiracle;  tr'ch.,  trochlearis;  A.,  anterior 
somite  of  Miss  Platt;  ld-6d,  dorsal  divisions  of  the  myotomes  of  van  Wijhe's 
first  to  sixth  somites;  Iv.  to  6v.,  ventral  divisions  of  van  Wijhe's  first  to  sixth 
somites;    I-VIII,  neuromeres. 

From  myotomic  division  Id  are  formed  the  anterior  and  superior  rectus 
muscles;  from  Iv.  are  formed  the  inferior  oblique  and  inferior  rectus;  from 
2d  is  fonued  the  superior  oblique,  innervated  by  the  trochlearis;  from  2v.  and 
3v.  is  formed  the  posterior  rectus  muscle,  innervated  by  the  abdueens. 


two  portions  of  the  myotome,  that  like  the  first  post-otic  myotome  of 
Petromyzon  the  myotome  divided  into  three  portions  (see  Fig.  8)  of 
which  the  médian  has  disappeared  in  phylogeny  and  with  it  the  related 
ventral  nerve;  that  a  part  of  the  nerve,  however,  has  persisted  in 
connection  with  the  dorsal  division  as  the  trochlearis  of  the  modem 
gnathostome,  while  the  abdueens  has  grown  forward  along  the  ventral 
division  of  the  latéral  trunk  musculature  as  the  nerve  of  the  posterior 
rectus  muscle.  Dohrn  ('04)  has  interpreted  the  innervation  of  the 
second  somite  by  two  nerves  as  évidence  that  this  somite  represents 
two  fused  somites.    Three  facts,  however,  may  be  mentioned  in  objec- 
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tion  to  this  interprétation.  First,  since  every  spinal  ventral  nerve  is 
distributed  to  two  myotomes  and  every  trunk  myotome  is  innervated 
by  two  ventral  nerves,  the  connection  of  van  Wijhe's  second  myotome 
with  two  ventral  nerves  by  no  means  proves  tins  myotome  to  be  doul)le. 
Second,  the  two  divisions  of  the  second  myotome  which  are  innervated 
by  the  trochlearis  and  the  abducens  are  dorso-ventral  in  their  rela- 
tions to  one  another  and  not  antero-posterior  as  reqnired  by  Dohrn's 
interprétation.  Third,  the  motor  niduli  of  the  trochlearis  and  ab- 
ducens are  too  remote  from  one  another  in  the  brain  to  belong  to  suc- 
cessive adjacent  metameres,  as  would  be  necessitated  by  Dohrn's 
interprétation.  I,  therefore,  conclude  that  the  distribution  of  the 
trochlearis  and  abducens  to  one  myotomic  segment  receives  its  most 
reasonable  explanation  in  the  assumption  of  a  usurpation  by  the 
abducens  of  a  part  of  the  primitive  area  of  distribution  of  the  troch- 
learis. 

Perhaps  the  most  difïîcult  of  ail  the  problems  connected  with  the 
morphology  of  the  eye  muscle  nerves  is  that  of  the  ultra-dorsal  émer- 
gence and  the  dorsal  chiasma  of  the  trochlearis.  That  thèse  peculia- 
rities  are  not  primitive  but  hâve  been  secondarily  acquired  is  evinced 
both  by  the  histogenesis  and  by  the  adult  histology  of  the  trochlearis. 
The  problem  reduces  itself  to  the  détermination  of  the  conditions 
under  which  the  ultra-dorsal  émergence  has  developed,  since  the 
ultra-dorsal  émergence  of  nerve  fibres  would  readily  lead  through 
slight  variations  in  the  length  and  in  the  direction  of  growth  of  the 
nerve  fibres  to  the  development  of  the  dorsal  chiasma.  The  récent 
discovery  by  Dohrn  ('07)  of  fibres  of  the  trochlearis  chiasma  out- 
side  of  the  brain-wall  is  significant  in  this  connection.  Now,  it  is 
self-evident  that  any  shifting  of  the  point  of  émergence  of  nerve  fibres 
would  be  determined  by  a  shifting  of  the  area  of  distribution.  Thus 
the  trochlearis  losing  connection  with  the  ventral  portion  of  its  myo- 
tome (which  became  innervated  by  the  abducens)  and  retaining  its 
connection  only  with  the  dorsal  division  which  became  the  superior 
oblique  muscle  of  the  eye  and  migrated  dorsally  with  the  enlarge- 
ment  of  the  eye,  naturally  acquired  a  more  dorsal  point  of  émergence 
of  its  fibres  from  the  brain  wall.  Furthermore,  since  the  cephalic 
flexure  is  greatest  in  the  région  of  the  origin  of  the  trochlearis,  the 
growth  and  extension  of  the  muscle  would  tend  to  bring  the  muscle 
into  a  more  dorsal  position  and  would  even  bring  the  two  antimeric 
muscles  into  contact  above  the  brain  wall.  Under  such  conditions 
the  trochlearis  would  not  only  acquire  a  more  dorsal  point  of  émer- 
gence from  the  brain  wall  but  might  also  develop  a  dorsal  chiasma. 
The  fact  that  the  chiasma  of  the  trochlearis  is  in  some  selachian 
embryos  outside  of  the  brain  wall  lends  support  to  this  hypothesis, 
which  subjects  our  credulity  to  no  such  test  as  that  imposed  by  Fiir- 
bringer's  ('02)  transmigration  theory.  Whether  or  not  the  hypothesis 
advanced  above  will  describe  correctly  how  the  trochlearis  acquired 
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its  chiasma,  there  is  indeed  nothing  in  its  relations  or  its  histogenesis 
to  exclude  it  from  the  category  of  ventral  (somatic  motor)  nerves. 
We  may,  therefore,  regard  the  eye  muscles  with  their  associated 
nerves  as  the  last  remuants  in  the  pre-otic  région  of  the  latéral  (soma- 
tic) musculature  kept  from  degeneration  through  relationship  to  the 
eyeball.  The  metameres  which  they  represent  are  serially  homologous 
with  those  of  the  trunk. 


THE   LATERAL   LINE   SYSTEM   OF   POLYODON 
HENRY  F.  NACHTRIEB 

The  latéral  Une  System  of  Polyodon  spathula  is  composed,  on 
each  side,  of  a  main  canal,  two  branches,  some  fifty  branchlets,  and, 
according  to  some,  the  many  thou- 
sands  of  so-called  primitive  pores. 

The  main  canal  (Fig.  1)  extends 
from  near  the  tip  of  the  dorsal  lobe 
of  the  tail  alons  the  side  of  the 
body  to  and  along  the  dorsal  side 
of  the  head,  dividing  near  the  eye 
into  a  supra-orbital  division,  that 
passes  up  by  the  external  nares,  and 
a  suborbital  division,  that  passes 
forward  ventral  to  the  eye,  and  then 
runs  forward  along:  the  ventral  side 
of  the  bill  to  near  the  tip  of  the  bill, 
where  it  unités  with  its  fellow  of  the 
opposite  side. 

Close  behind  the  eye  are  given 
off  (1)  the  supra-oecipital  branch, 
which  passes  almost  transversely 
across  to  the  médian  dorsal  line, 
where  it  ends  without  uniting  either 
directly  or  indirectly  with  its  fellow 
of  the  opposite  side,  and  (2)  the  hyo- 
mandibular  branch,  which  passes 
down  to  and  behind  the  angle  of 
the  mouth  whence  it  continues  for- 
ward as  the  mandibular  division. 

The  System  tlius  far  described 
is  évident  externally  excepting  in 
the  immédiate  neighborhood  of  the 
post-temporal  bone  and  on  the  bill 
and  the  région  immediately  in 
front  of  the  eye. 

Ail  along  the  main  canal  and 
its  branches  there  are  given  off 
short  tubes,  that  I  shall  call  branchlets,  which  divide  into  two  to  seven 
or  more  "  poretubes  "  that  open  to  the  exterior  through  as  many  small 
pores. 


Fig.  1.  —  After  a  Photograph  of 
THE  Externally  Evident  Por- 
tion OF  the  Latéral  Line  System 
Painted  Out  on  the  Dried  Skin. 
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On  the  ventral  side  of  the  bill  thèse  branchlets  with  their  pore- 
tubes  présent  a  séries  of  striking  rosette-like  or  dendritic  figures.  They 
are  the  only  external  évidence  of  the  System  on  the  bill,  and  are  quite 
inconspicuous  in  most  cases.  Indeed  the  entire  System  is  more  évi- 
dent in  some  cases  than  in  others,  and,  in  gênerai,  I  think  it  is  more 
évident  in  the  winter  than  in  the  summer.  At  fîrst  glance  the  two 
séries  appear  to  constitute  a  séries  of  pairs.  Gloser  examination, 
however,  convinces  one  that  their  arrangement  does  not  represent  an 
underlying  metamerism. 

The  branchlets  of  the  main  canal  along  the  side  of  the  body  and 
tail  are  also  non-metamerically  arranged.  Neitlier  is  there,  with 
référence  to  the  branchlets,  any  évidence  of  bilatéral  symmetry  nor 
of  polarity.  This  is  just  as  true  of  the  branchlets  of  the  supra-occipi- 
tal and  hyo-mandibular  branches.  By  far  the  larger  number  of  the 
branchlets  of  the  body  and  tail  are  on  the  ventral  side  of  the  main 
canal.  The  average  of  eight  spécimens  places  (in  round  numbers) 
twenty-two  on  the  dorsal  side  and  eighty-two  on  the  ventral  side. 
There  is,  however,  a  great  deal  of  variation  in  this  distribution,  both 
between  individuals  and  the  two  sides  of  any  one  individual. 
(Fig.  2.) 


IV 
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The  following  table  gives  the  distribution  of  the  branchlets  in  the 
two  séries  représentée!  in  figure  2: 


Left  Side. 

RiGHT  Side. 

Dorsal. 

Ventral. 

Dorsal. 

Ventral. 

A.  17 

B.  10 

C.  17 

D.  14 

28  +  12  in  tail 
34     +  10      " 

29  +  11      " 
33      +  12      " 

10 

8 
13 
16 

32  +  12  in  tail 
35     +  11      " 

33  +  14      " 
32     +  17      " 

Average,  14.5 

31      +  11  in  tail 

11.7 

33     +  13.5  in  tail 

I.   12 
II.     4 

III.  10 

IV.  10 

28     +  10      " 
10     +  14      " 

23+8      " 

28+7       " 

7 
11 
13 

4 

39+8      " 
41      +  11       " 
23+5      " 

40+7      " 

Average,  9 

29.7  +  9.7  in  tail 

8.7 

37.6  +    7.7  in  tail 

FiG.  2. —  The  Main  Canal  and 
"  Branchlets  "  of  the  Trunk 
AND  Tail  of  Four  Immature 
(I-IV)  Spécimens  and  Four 
Mature  (A-D) Spécimens.  The 
Lines  were  Painted  Out  on 

THE  CURED  SkJNS  AND  THEN 

Photographed.  - 
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The  average  of  the  branchlets  in  thèse  two  séries  is,  in  round 
niimbers,  one  hundred  and  eight  for  the  body,  fifty-three  on  the  left 
side,  and  fifty-five  on  the  right  side. 

There  is  one  pecuHarity  in  the  relation  of  the  branchlets  to  the 
main  canal  that  may  be  noted  in  passing.  Near  the  head  the  branch- 
lets on  the  body  tend  to  run  close  to  and  parallel  with  the  main  canal, 
and  not  infrequently  they  pass  over  to  the  other  side  of  the  canal 
and  there  end  in  poretubes.  It  is  also  noteworthy  that  relatively 
the  tail  portion  of  the  main  canal  lias  a  large  number  of  branchlets, 
ail  on  the  ventral  side  of  the  main  canal. 

Wherever  the  canal  is  évident  externally  it  lies  in  the  connective 
tissue  beneath  the  epithelium  covering  the  body  (Fig.  3).    At  other 


FiG.  3. — Sketches  based  on  Caméra  Ltjcida  Drawings,  showing  the  Rela- 
tions OF  THE  Branchlets  and  Sensory  RidgeS;  and  the  Caktilaginous 
Rings  and  Tubercles. 


points  it  is  within  or  under  some  bone  or  bones.  In  gênerai  the 
canal,  branchlets,  and  poretubes  appear  circular  in  transverse  sec- 
tion. The  canal  and  branchlets  are  protected,  and  made  évident 
externally,  by  a  séries  of  irregular  cartilaginous  rings  outside  the 
connective  tissue  that  supports  the  l)lood  and  lymph  vessels  and 
nerves  immediately  under  the  lining  epithelium  of  the  canal  and 
branchlets.  In  gênerai  the  epithelium  of  the  canal  is  a  low  flat  epi- 
thelium. Rut  at  irregular  intervais,  usually  near  the  entrance  of  a 
branchlet,  there  is  a  mound  or  ridge  of  sensé  buds  on  the  inner  or 
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muscle  side  of  the  canal.  The  epithelium  of  thèse  mounds  or  ridges 
is  differentiated  into  two  distinct  types  of  cells  more  or  less  segregated 
into  several  groups.  One  is  a  large  clear  cell,  tapering  and  narrow 
both  at  the  base  and  the  outer  end,  with  a  distinct,  usually  centrally 
located,  nucleus.  The  other  is  a  darker  and  narrower  cell  with  the 
nucleus  near  the  base  or  between  this  point  and  the  outer  end  of  the 
cell.  Neither  type  of  cell  has  the  outer  end  differentiated  into  any 
distinct  hair  or  rod-like  processes.  Nerve  fibrils  enter  up  between 
the  two  types  of  cells  but  the  préparations  obtained  thus  far  do  not 
enable  me  to  say  positively  that  they  are  more  particularly  related  to 
one  type  than  to  the  other. 

I  find  nothing  else  of  the  nature  of  a  sensé  organ  in  connection 
with  this  System.  Hère  and  there  a  cartilage  is  extended  as  a  conical 
projection  or  tubercle  up  through  the  epithelium,  producing  the 
appearance  of  a  more  or  less  clear  area  with  a  slit-like  valve.  None 
of  thèse  clefts  in  the  epithelium  open  into  the  canal  or  any  of  its 
branchlets.  Thèse  tubercles  bear  no  definite  relation  to  the  canal 
and  may  be  found  entirely  outside  of  the  canal  région. 

At  présent  I  hâve  nothing  new  to  add  on  the  function  of  this 
System.  My  work  on  the  innervation  has  yielded  one  or  two  sur- 
prises and  I  prefer  to  say  nothing  about  that  until  I  hâve  more 
précise  data. 


FiG.  4. —  Caméra  Lucida  Sketches  showing  the  Arrangement  of  the 
"  Primitive  Pores  "  on  a  Pièce  of  the  Operculum,  the  Dorsal  and 
Ventral  Surfaces  of  a  Small  Pièce  of  the  Bill,  and  a  Section  through 
Four  "  Primitive  Pores." 


Scattered  over  the  bill  and  head  of  Polyodon  are  many  thousands 
of  pits,  the  so-called  primitive  pores.    Thèse  are  open  invaginations 
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of  the  epithelium  that,  owing  to  the  massing  of  pigment  cells  around 
them,  appear  as  black  spots.  In  certain  régions  there  is  always  a 
small  number  unpigmented  and  inconspicuous.  They  are  arranged 
in  clusters  of  three  to  thirty  or  more,  and  thèse  primary  groiips  are 
collected  into  more  or  less  definite  secondary  groups  as  shown  in 
figure  4.  The  pits  are  empty  or  more  or  less  filled  with  a  peculiar 
mucus,  and  the  many-layered  epitheUum  at  the  mouth  of  the  pit  is 
represented  by  a  single  row  of  cells  of  two  distinct  types  at  the  bot- 
tom  of  the  pit  (Fig.  4).  One  type  is  a  clear  cuboidal  cell  with  a  dis- 
tinct round  nucleus  having  two  to  five  nucleoli-like  bodies.  The 
other  is  a  much  darker  cell,  less  clearly  defined  and  more  elongated 
or  flattened,  with  a  conspicuous  large  oval  nucleus  that  usually  has 
but  one  irregularly  shaped  necleolus-like  body.  Thèse  cells  overlap 
and  more  or  less  cover  the  clear  cells  and  hâve  their  nuclei  in  the 
outer  région.  Neither  type  has  any  specially  developed  processes  or 
hairs.  Material  preserved  by  certain  methods  will  yield  finger-like 
projections,  but  préparations  well  preserved  in  every  respect  do  not 
show  them.  At  présent  I  am  unable  to  décide  whether  the  nerve 
fibrils  are  more  intimately  related  to  the  one  kind  of  cell  than  to  the 
other. 

I  hâve  never  found  any  of  thèse  pits  connected  with  the  latéral 
canal  System,  and  while  there  is  a  gênerai  resemljlance  of  the  two 
types  of  cells  to  those  of  the  sensory  ridge  of  the  latéral  canal  there  is 
no  morphological  évidence  for  the  view  that  thèse  pits  ("primitive 
pores")  are  a  part  of  the  latéral  line  System  or  that  they  ever  were  a 
part  of  it. 

What  is  their  function  ?  I  hâve  no  expérimental  évidence  to 
ofîer.  The  al^undance  of  the  peculiar  mucous-like  sécrétion  found 
in  many  spécimens  and  the  character  of  the  epithelium  indicate  that 
the  function  at  least  is  not  primarily  that  of  a  spécial  sensé  organ.  If 
the  primitive  pore  is  a  sensé  organ  at  ail  it  is  one  of  low  difterentiation. 


BEITRAGE     ZUR    KENNTNISS     UBER     DEN     VERDAUUNGS- 
TRACTUS   DES   CRYPTOBRANCHUS    JAPONICUS 

GAKUTARO  OSAWA 

Nachdem  Albert  M.  Reese  eine  Arbeit  liber  den  Darmtractus  von 
Cryptobranckiis  alleghenieiisis  veroffentlicht  hat,  halte  ich  es  fur 
angezeigt,  liber  die  Bauverhaltnisse  desselben  Organsystems  bei  dem 
jenem  ausserlich  so  ahnlich  sehenden  Cryptobranchus  in  Japan  zu 
berichten,  da  zumal  durch  den  internationalen  Zoologe n-Congress  in 
Boston  mir  eine  gute  Gelegenheit  geboten  ist. 

Indera  ich  aber  wegen  Genauerem  auf  meine  demnachst  er- 
scheinende  Arbeit  verweise,  mochte  ich  niir  einige  Piinkte  anfuhren, 
welche  Reese  zur  Rede  gebracht  hat,  und  richte  mich  auch  nach  der 
Reihenfolge,  welche  der  genannte  Forscher  eingeschlagen  hat. 

Mundhbhle.  —  Die  Configuration  und  der  Bau  der  Mundhohle 
sind  auch  beira  Cryptobranchus  japonicus  genau  dieselben  wie  bei 
dem  amerikanischen. 

Die  Zunge  praesentiert  sich  auch  beim  japanischen  als  eine  grosse 
Schleimhautfalte  am  Mundboden,  welche  ihren  bogenformigen  freien 
Rand  nach  vorn  richtet,  und  deckt  die  dorsale  Seite  des  Zungenbein- 
skelettes.  Das  Organ  besitzt,  entsprechend  der  Angabe  von  Reese 
eine  nur  sparliche  Muskelschicht  in  der  Unterlage.  Die  Schleimhaut 
bildet  zahlreiche  Lângsfalten  und  bietet  im  Querschnitt  ein  Bild 
von  Papillen  und  Thâlern  dar,  von  denen  die  letzteren  als  tubulose 
Driisen  genommen  werden  konnten,  zumal  ihr  Epitheliiberzug  aus 
hellen  blaschenartigen  Zellelementen,  Becherzellen  besteht. 

Eigentiimliche  Sinnesorgane,  die  den  Geschmacksknospen  ent- 
sprechen  diirften,  kommen  in  der  Schleimhaut  der  Zunge  vor,  obwol 
Reese  beim  amerikanischen  Tiere  keine  Spur  davon  finden  konnte. 
Sie  lassen  sich  ferner  in  der  Gaumenschleimhaut  und  der  âusseren 
Flâche  der  Lippe  vorfinden. 

Wie  Reese  hervorgehoben  hat,  ist  das  Epithel  der  Zungenschleim- 
haut  durch  Besitz  zahlreicher  Becherzellen  ausgezeichnet  ;  dièse 
kommen  am  meisten  in  den  Vertiefungen  der  Schleimhaut  vor, 
weniger  an  den  Leisten,  da  sich  hier  andersartige  Zellen  beimischen. 
Normale  Epitheldecke  aus  einem  geschichteten  Platten-Epithel,  wie 
sie  in  der  IMundhole  im  allgemeinen  vorzukommen  pflegt,  ist  nur 
inselartig  da  und  dort  zu  finden. 
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Oesophagus.  —  Die  weite  Mundhohle  wird  eng  und  geht  etwa 
trichterartig  in  den  engen  Oesophagus  liber.  Als  Grenze  wird  sich 
wol  eine  Faite,  welche  vom  hinteren  Abschnitt  des  Zungenbeinbogens 
zur  Schâdelbasis  hinzieht,  bezeichnen  lassen.  Die  Schleimhaut  besitzt 
zahlreiche  Langsfalten  und  wird  mit  einem  mehrreihigen  Flimmer- 
epithel  uberzogen.  Aucli  hier  sind  die  Becherzellen  sehr  zahlreich, 
so  dass  die  FUmmerzellen  an  manchen  Stellen  von  ihnen  verdriingt 
zu  sein  scheinen.  Driisen  jegHcher  Ait  fehlen.  Submucosa  enthalt 
an  vielen  Stellen  Lymphknotchen.  Die  Muscularis  ist  nicht  gleich- 
miissig  entwickelt,  indem  im  cranialen  Abschnitt  des  Oesophagus 
nur  eine  circulare  Faserschicht  vorkommt,  zu  welcher  nur  im  cau- 
dalen  Abschnitt  eine  sparliche  aussere  Longitudinalschicht  sich 
hinzugesellt. 

Magen.  —  Reese  schreibt,  dass  die  Grenze  zwischen  Magen  und 
Oesophagus  nicht  so  scharf  markiert  wâre,  wie  diejenige  zwischen 
Oesophagus  und  Pharynx;  beim  Cryptobranchus  japo7iicus  aber  ist 
dièse  Grenze  mit  ziemlicher  Sicherheit  zu  bestimmen.  Abgesehen 
von  dem  Farbenunterschied,  welcher  nur  beim  frischen  IMaterial  zu 
constatieren  ist,  ist  eine  leichte  Einschnlirung  zu  finden,  welche  der 
Spitze  des  trichterformigen  Oesophagus  entspricht,  und  gegen  welche 
zahlreiche  feine  Schleimhautfalten  convergieren  um  sich  dann  in  die 
etwas  groberen  Falten  des  Magens  fortzusetzen. 

In  Bezug  auf  die  Bauverhaltnisse  ist  keine  grosse  Differenz 
zwischen  den  beiden  Tierarten  zu  merken.  Das  Schleimhautepithel 
besteht  aus  einer  Reihe  von  hohen  Cylinderzellen  mit  einem  hell  aus- 
sehenden  Teil,  dem  Oberende  Oppel's,  an  der  Spitze. 

Die  Muscularis  mucosae  besteht  aus  einer  inneren  circularen  und 
ausseren  longitudinalen  Schicht. 

Die  Submucosa  weist  ein  adenoides  Gepriige  auf. 

In  der  Muskelhaut  ist  die  innere  circulare  Schicht  viel  stiirker  als 
die  aussere. 

Die  Magendriisen  sind,  wie  Reese  angegeben  hat,  von  zweierlei 
Formen.  Die  von  ihm  so  genannten  Cardiadriisen  sind  auch  beim 
japanischen  Cryptobranchus  meist  verzweigt,  indem  in  einem  Aus- 
fuhrgang  mehrere  Driisenschlauche  ausmiinden.  Der  Ausfiihrgang 
ist  innen  mit  hellen  Epithelien  uberzogen,  welche  "mucous  région  " 
Reese's  bilden.  Die  Zellen  der  Driisenschlauche  sind  ziemlich  gross, 
rundlich,  oder  eckig.  Der  Zellleib  zeigt,  besonders  gegen  das  Drlisen- 
lumen  zu,  feine  Granula  und  lassen  sich  mit  Anilinfarben  gut  farben, 
Sie  sind  dem  Aussehen  nach  den  Belegzellen  der  hoheren  Tiere 
âhnlich. 

Gegen  den  Pylorus  zu  werden  die  Ausflihrgiinge  relativ  langer  und 
die  eigentlichen  Driisenschlauche  klirzer  und  vielfach  gewunden. 
Die  Zellen  der  letzteren  sind  kleiner. 

Weiter  gegen  das  Duodénum  hin  werden  die  Driisen    und   ihre 
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Ausfiihrgange  immer  kiirzer  und  bieten  schliesslich  nur  das  Aussehen 
einfacher  Schleimhautkrypten  mit  einer  inneren  liellen  Zellenaus- 
kleidung  dar. 

Darm.  —  In  Bezug  auf  den  Diinndarm  kann  ich  nichts  Beson- 
deres  finden,  wodurch  man  die  beiden  Cryptobranchus-Arten  von  ein- 
ander  unterscheiden  kann.  Unerwahnt  mochte  ich  jedoch  nicht  lassen 
die  Angabe  Reese's,  dass  namlich  zwischen  den  gewôhniichen  Cy- 
linderzellen  und  den  Becherzellen  des  Dlinndarmes  aile  Ûbergangs- 
formen  vorkommen  sollen.  Er  schreibt:  "  Ail  stages  may  be  seen, 
from  the  columnar  cell  that  is  jiist  beginning  to  become  clean  and 
swollen  at  its  outer  end,  to  the  fully  formed,  typical  goblet  cell." 
Ich  hatte  namlich  seiner  Zeit  die  Behauptung  aufgestellt,  dass  die 
Becherzellen  ans  den  gewôhniichen  Cylinderzellen  hervorgehen 
kônnen,  und  sehe  in  dem  Satz  Reese's  eine  willkommene 
Bestâtigung. 

Hinterdarm.  ■ —  Reese  schreibt:  "Rectum  or  cloaca."  Ich  halte 
es  jedoch  fur  richtig,  den  Hinterdarm  in  den  Enddarm  oder  Rectum 
und  die  Kloake  einzuteilen. 

Das  Rectum  stellt  namlich  einen  langeren  cranialen  Abschnitt  des 
Hinterdarmes  dar,  wiihrend  ein  kiirzerer  caudaler  Teil  der  Kloake 
zufallt. 

Jenes  ist  auch  beim  Cryptobrauchus  japoniciis  in  gleicher  Weise 
gebaut,  wie  es  von  Reese  beim  amerikanischen  geschildert  worden 
ist.  Die  hier  so  genannte  Kloake  wurde  von  Reese  nicht  beriick- 
sichtigt;  ich  halte  es  jedoch  fiir  wichtig,  auch  diesen  Teil  mit  zur 
Rede  zu  bringen,  da  er  manche  Verhâltnisse  darbietet,  welche  fiir 
vergleichend-anatomische  Betrachtung  sehr  intéressant  sind.  Die 
Kloake  besitzt  an  der  dorsalen  Wand  die  Papilla  urogenitalis  und  an 
der  ventralen  die  Blasenmiindung.  Das  aus  Bêcher-  und  Cylinder- 
zellen bestehende  Epithel  macht  allmahlich  gegen  die  Kloakenspalte 
zu  dem  geschichteten  Plattenepithel  des  Integimientes  Platz.  Nach 
aussen  davon  befindet  sich  eine  starke  Schicht  quergestreifter  ]\Iuskeln, 
welche  das  Schleimhautrohr  circular  umgiebt.  Die  Muskeln  treten 
aber  nicht  mit  der  Schleimhaut  in  unmittelbarer  Beriihrung,  sondern 
sind  durch  eine  Lage  Driisen  von  dieser  getrennt.  Die  Driisen  selber 
sind  also  in  den  Kloakenlippen  eingeschlossen  und  gehoren  einer 
zusammengesetzten  tubulosen  Form  an.  Dire  Wand  ist  mit  einer 
einfachen  Schicht  von  hellen  cylindrischen  Zellen  ausgekleidet. 
Grossere  Ausfiihrgange,  welche  manchmal  eine  ampullenartige  Er- 
weiterung  bilden,  miinden  am  freien  Rand  der  Kloakenlippen  aus. 
Die  Driisen  sind  beim  mannlichen  Tiere  weit  besser  ausgeljildet  als 
beim  weiblichen.  Sie  gehoren  den  Kloakendriisen  an,  welche  bei  ver- 
schiedenen  anderen  Tieren  beschrieben  worden  sind.  In  dieser  Be- 
ziehung  steht  der  Cryptobranchus  japoniciis  unter  den  Urodelen  dem 
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Menohranchus  lateralis  am  nachsten  und  ist  von  Salamander  und 
Triton  sehr  verschieden,  Wie  es  mit  dem  genannten  Organ  beim 
Cryptobranchus  alleghenienses  steht,  weiss  ich  nicht,  glaube  aber, 
dass  auch  hier  keine  grosse  Differenz  bestehen  wird. 

Nach  dem  oben  geschilderten  also  ist  wol  zu  ersehen,  dass  die 
beiden  Cryptobranchus- Arten  im  Bau  des  Darmtractus  beinahe  ganz 
ubereinstimmen,  wie  sie  auch  ausserhch  einander  sehr  iihnhch  sehen. 
Die  Frage  aber,  ob  man  sie  zu  einer  gleichen  Art  vereinigen  darf, 
muss  entschieden  verneint  werden.  Ein  auffallender  Unterschied 
z.  B.  besteht  im  Verhalten  der  Spermien.  Dank  der  Giite  des  Herrn 
Dr.  Reese  war  ich  im  Stande,  die  Spermien  der  beiden  Tiere  direct  zu 
vergleichen.  Die  Spermien  des  Cryptobranchus  allegheniensis  be- 
sitzen  namhch  eine  viel  machtigere  Grosse  und  erweisen  sich  auf  den 
ersten  BHck  ganz  différent  von  denjenigen  des  Cryptobranchus 
japonicus. 


SUR  LA  GENÈSE  DU  NÉVRAXE,  SPÉCIALEMENT  SUR 
CELLE  OBSERVÉE  CHEZ  LE  PÉLOBATE  BRUN 
(PELOBATES  FUSCUS   WAGL.) 

C.   VAN   BAMBEKE 

Si  nous  faisons  abstraction  de  l'Amphioxus,  on  s'accorde  à  distin- 
guer, ches  les  Vertébrés,  deux  modes  de  formation  du  tube  médullaire. 
Dans  un  de  ces  modes,  le  plus  répandu,  la  plaque  médullaire  en 
s'invaginant  donne  naissance  à  une  gouttière,  la  gouttière  médullaire; 
puis  les  lèvres  de  la  gouttière  —  replis  ou  bourrelets  médullaires, 
replis  dorsaux  —  se  rapprochent  de  plus  en  plus  de  la  ligne  médio- 
dorsale  et  finissent  par  se  rejoindre  et  se  toucher.  La  gouttière  se 
transforme  ainsi  en  tube,  le  tube  médullaire,  recouvert  par  la  lame 
cornée  ou  épiderme. 

Dans  un  second  mode,  l'ébauche  de  l'axe  nerveux,  après  l'appari- 
tion éphémère  d'un  sillon  superficiel,  est  une  masse  pleine,  affectant  en 
général  la  forme  d'une  carène;  plus  tard  seulement,  elle  se  transforme 
en  tube.  D'après  plusieurs  auteurs  (Kupffer,  Goette,  Hoffmann),  ce 
mode  se  laisserait  facilement  ramener  au  précédent.  L'apparition  de 
la  cavité  dans  la  masse  pleine,  apparition  sur  laquelle  nous  ne  voulons 
pas  insister  ici,  a  été  diversement  expliquée. 

Le  premier  mode  de  genèse  du  névraxe  est  considéré  comme 
propre  aux  Chondroptérygiens,  aux  Ganoïdes  à  l'exclusion  du  Lépi- 
dostée,  aux  Amphibiens,  aux  Reptiles,  aux  Oiseaux  et  aux  Mammi- 
fères; le  second,  comme  caractéristique  de  la  formation  du  tube 
médullaire  des  Cyclostomes,  du  Lépidostée  et  des  Téléostéens.  A  ce 
classement  généralement  admis,  on  peut  reprocher  de  ne  pas  tenir 
compte  d'un  certain  nombre  d'exceptions,  des  espèces  d'un  des 
.groupes  rangés  dans  le  premier  mode  devant  trouver  place  dans  le 
second,  et,  inversement,  des  espèces  d'un  des  groupes  appartenant  au 
second  mode  présentant  des  caractères  propres  au  premier;  il  existe 
d'ailleurs  des  dispositions  spéciales  qui  s'écartent  des  deux  modes 
précités. 

Ainsi  la  carène  compacte  attribuée  à  tous  les  Cyclostomes  ne  se 
forme  pas  chez  les  Myxinoides  (Bashford  Dean);  l'ébauche  du 
névraxe  des  Ganoïdes  cartilagineux  se  distingue,  par  certaines 
particularités,  de  celle  caractéristique  de  la  plupart  des  Vertébrés; 
dans  le  groupe  des  Dipneustes,  la  disposition  varie  d'après  les  genres; 
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parmi  les  Téléostéens,  ou  trouve  aussi  des  exceptions  à  la  règle. 
Comme  le  prouvent  les  résultats  obtenus  par  Goronowitsch  et  Jablo- 
nowski,  le  mode  de  développement  du  système  nerveux  du  Brochet 
diffère,  sans  certains  rapports,  de  ce  qui  s'observe  chez  les  Téléo- 
stéens en   général. 

Chez  Chondrostoma,  Goronowitsch  a  vu  les  cellules  ectodermiques 
superficielles,  à  l'exclusion  de  la  lame  enveloppante,  enclavées  dans  la 
carène  médullaire  et  rappelant,  par  leur  aspect,  la  disposition  figurée, 
par  Calberla,  chez  le  Syngnathe. 

On  admet  que,  chez  tous  les  Amphibiens:  Apodes,  Urodèles  et 
Anoures,  le  système  nerveux  s'ébauche  d'après  le  mode  ordinaire, 
c'est-à-dire  par  formation  d'une  gouttière  médullaire  qui  se  trans- 
forme en  tube.  Il  n'est  par  fait  mention  du  mode  de  genèse  du  névraxe 
chez  le  Pélobate  brun,  sur  lequel  j'ai  attiré  l'attention  des  l'année  1867. 
Or,  ce  mode  de  genèse  s'écarte  notablement,  non  seulement  de  celui 
considéré  comme  caractéristique  des  Amphibiens  en  général,  mais 
encore  des  divers  modes  observés,  jusqu'  à  présent,  chez  les  autres 
Vertébrés.  Ainsi  s'expliquent  les  doutes  qu'  Alex.  Goette,  dans  son 
grand  ouvrage  sur  le  développement  du  Bombinator  igneus,  émet  au 
sujet  de  l'exactitude  de  mes  recherches.  Ces  doutes  ne  sont  pas 
justifiés;  c'est  pourquoi  je  me  permets  de  revenir  sur  les  résultats 
consignés  dans  mon  mémoire.  N'ayant  pas  trouvé  l'occasion  de  les 
contrôler  à  l'aide  d'un  matériel  nouveau,  j'ai  été  réduit  à  utiliser  un 
certain  nombre  de  mes  anciennes  préparations;  mais,  au  lieu  de 
devoir  renvoyer  aux  figures  de  mon  précédent  travail,  je  puis  fournir, 
cette  fois,  comme  pièces  justificatives,  quelques  photographies  dont  la 
plupart  me  paraissent  suffisamment  démonstratives. 

Voici  ce  que  ces  photographies  nous  apprennent  : 

(a)  Une  gouttière  se  forme  aux  dépens  de  la  lame  enveloppante 
(Umhiillungshaut  de  Reichert  —  Deckschicht  de  Gotte)  sa)is  la 
'participation  de  la  vraie  plaque  incduUaire. 

(b)  Les  replis  ou  bourrelets  formés  par  la  lame  enveloppante  qui 
délimitent  la  gouttière  se  rapprochent  sans  se  soulever  et  finissent  par 
arriver  en  contact  au  niveau  de  la  ligne  médio-dorsale.  La  fermeture  de 
la  gouttière  s'est  donc  faite  sans  intervention,  de  la  plaque  médullaire. 

(c)  C'est  seulement  après  cette  fermeture,  que  la  plaque  médullaire 
va  donner  naissance  au  vrai  tube  médidlaire,  en  se  recourbant  et  en 
emprisonnant  les  cellules  invaginées  de  la  membrane  enveloppante. 

Si  l'on  cherche  à  expliquer  ce  qui  différencie  essentielement  la 
genèse  du  névraxe  du  Pélobate  de  celle  de  la  plupart  des  autres 
Batraciens  Anoures,  on  constate  que,  chez  ces  derniers,  la  lame  cou- 
vrante et  la  plaque  médullaire  participent  simultanément  à  cette 
genèse,  tandis  que,  chez  le  Pélobate,  la  participation  des  deux 
couches  ectodermiques  n'est  pas  simultanée,  la  plaque  médullaire  étant 
en  retard  sur  la  lame  couvrante.  En  d'autres  termes,  la  formation 
du  tube   médullaire  du  Pélobate  comprend  deux  phases  distinctes: 
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(a)  Formation  et  fermeture  de  la  gouttière  aux  dépens  de  la  seule 
lame  couvrante;  (b)  enveloppement,  par  la  plaque  médullaire,  des 
cellules  invaginées  de  cette  lame  qui  finissent  par  délimiter  la  lumière 
du  tube. 

Peut-on,  malgré  la  dissemblance  qui  sépare  la  genèse  du  névraxe 
du  Pélobate  de  celle  des  autres  Vertébrés,  les  comparer  dans  une 
certaine  mesure  ?  Parmi  les  particularités  qui  accompagnent  la 
formation  du  système  nerveux  des  l'Amphioxus,  des  Téléostéens,  des 
Pétromyzontes  et  des  Esturgeons,  particularités  sur  les  quelles  nous 
ne  pouvons  insister  ici,  il  en  est  qui  sont  plus  ou  moins  comparables  à 
certaines  phases  de  cette  formations  chez  le  Pélobate  brun. 

L'exception  fournie,  par  cet  Anoure,  au  mode  suivant  lequel 
s'ébauche  le  névraxe  de  ce  groupe  d'Amphibiens,  n'est  pas  isolée.  En 
effet,  d'après  Lilian  V.  Sampson,  le  système  nerveux  d'un  autre 
Anoure,  Hylodes  Martinicensis,  aurait  une  origine  comparable  à 
celle  du  système  nerveux  des  Téléostéens  et  du  Lépiodostée,  c'est-à-dire 
qu'il  débuterait  sous  forme  de  carène. 

Les  faits  sur  lesquels  nous  venons  d'attirer  l'attention,  permettent 
de  formuler  les  conclusions  suivantes  : 

(a)  Le  système  nerveux  de  Vertébrés  plus  ou  moins  éloignés  les 
uns  des  autres  peut  s'ébaucher  suivant  un  mode  identique. 

(b)  Par  contre,  le  système  nerveux  d'espèces  rapprochées  entre  elles 
peut  s'ébaucher  suivant  des  modes  distincts. 

(c)  Il  existe  des  formes  intermédiaries  reliant  les  deux  modes 
principaux  suivant  lesquels  s'ébauche  le  système  nerveux  des  Vertébrés 
(Lepidosiren,  Esox.). 

(d)  Par  la  manière  dont  il  s'ébauche,  le  système  nerveux  du 
Pélobate  brun  s'écarte,  non  seulement  de  celui  des  autres  Anoures, 
mais  encore  de  celui  des  Vertébrés  en  général. 

Dans  un  mémoire  paru  en  1884,  John  A.  Ryder,  après  s'être 
occupé  de  la  genèse  du  névraxe  de  la  IVIorue,  faisait  remarquer  que 
le  mode  de  développement  de  ce  névraxe  chez  les  Téléostéens,  les 
Amphibiens,  les  Elasmobranches,  les  Marsipobranches,  l'Amphioxus, 
les  Oiseaux,  les  Reptiles  et  les  Mammifères,  diffère  trop,  dans  ces 
divers  groupes,  par  les  caractères  essentiels  et  les  détails,  pour  per- 
mettre d'ébaucher  une  théorie  générale  de  la  genèse  du  système  nerveux 
des  Vertébrés.  Malgré  les  faits  acquis  depuis  lors,  la  remarque 
faite  par  Ryder  n'a  rien  perdu  de  son  actualité. 

Pourtant  certains  embryologistes  se  sont  occupés  de  la  phylogenèse 
du  névraxe  des  Vertébrés.  Nous  nous  trouvons  en  présence  de  deux 
opinions  opposées.  Pour  Balfour,  la  formation  d'une  gouttière 
médullaire  ouverte,  délimitée  par  des  replis  dorsaux,  représenterait  le 
mode  primitif.  Au  contraire,  d'après  Charles  Sedgwick  ]\Iinot,  ce 
mode  serait  secondaire  et  dériverait  du  cordon  médullaire  plein  des 
Téléostéens  et  des  Pétromyzontes.  Tout  en  reconnaissant  qu'il  n'est 
pas  possible,  pour  le  moment,  de  so  prononcer  en  faveur  de  l'une  ou 
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de  l'autre  de  ces  deux  opinions,  l'auteur  croit  à  la  justesse  de  celle 
soutenue  par  lui,  parce  qu'il  considère  la  carène  médullaire  massive 
née  d'un  épaississement  de  l'ectoderme,  comme  correspondant  au 
cordon  nerveux  des  Annélides.  À  l'exemple  de  Balfour,  Henry  V. 
Wilson  admet  que  la  gouttière  médullaire  ouverte  représente  le  mode 
primitif.  L'existence,  chez  les  Chondroptérygiens,  du  mode  ordinaire 
avec  gouttière  ouverte  parle  plutôt  en  faveur  de  l'opinion  de  Balfour 
et  de  Wilson.  Toutefais,  si  l'on  considère  combien  sont  relativement 
peu  nombreux  les  Vertébrés  dont  on  connaît  le  mode  de  genèse  du 
névraxe,  et  si  l'on  tient  compte  des  particularités  relevées,  par  l'étude 
de  cette  genèse,  chez  plusieurs  espèces,  les  tentatives  ayant  pour  but  de 
tirer  au  clair  la  phylogenèse  du  névraxe  pour  louables  qu'elles  soient, 
nous  paraissent  encore  prématurées  et  incapables  d'aboutir  a  un  ré- 
sultat satifsaisant. 


THE  NERVOUS  SYSTEM  OF  THE  AMERICAN  LEOP- 
ARD FROG,  RANA  PIPIENS,  COMPARED  WITH 
THAT  OF  THE  EUROPEAN  FROGS,  RANA  ESCU- 
LENTA    AND   RANA    TEMPORARIA    (FUSCA) 

HENRY   H.   DONALDSON 

In  collaboration  with  Doctor  Schoemaker  (1900),  I  determined 
the  weight  of  the  brain  and  spinal  cord  in  spécimens  of  the  American 
léopard  frog,  Rana  pipiens. 

The  only  observations  of  a  like  kind  available  for  comparison  were 
those  on  the  European  frogs,  R.  esculenta  and  R.  temporaria,  made 
by  Fubini  (1881). 

From  a  study  of  his  results,  it  was  necessary  to  conclude  that 
either  the  European  species  were  very  irregular  in  the  weight  of 
their  central  nervous  System  and  its  parts,  or  that  Fubini's  inves- 
tigations had  not  been  made  with  sufficient  care. 

The  choice  between  thèse  conclusions  remained  open  until  1904, 
when,  in  July,  I  was  able  to  examine  a  séries  of  R.  temporaria  in 
Professor  Sherrington's  laboratory  at  Liverpool,  and  in  August,  a 
séries  of  R.  esculenta  in  Professor  Gaule's  laboratory  at  Zurich. 
During  August,  also,  Doctor  Hâtai,  at  my  request,  made  correspond- 
ing  observations  on  a  séries  of  R.  pipiens  at  Chicago. 

The  results  obtained  from  thèse  three  séries  of  observations  are 
those  which  I  now  wish  to  présent. 

Twelve  spécimens  of  R.  pipiens  and  of  R.  temporaria  and  eleven 
of  R.  esculenta  were  used,  and  thèse  ranged  in  body  weight  from  11 
to  45  grams. 

For  each  individual  there  was  determined  — 

(1)  Sex;  (2)  Body  weight;  (3)  Total  length;  (4)  Weight  of 
brain;  (5)  Weight  of  spinal  cord;  (6)  Percentage  of  water  in  the 
brain;  (7)  Percentage  of  water  in  the  spinal  cord.  The  conditions 
and  methods  of  observation  were  uniform  for  ail  three  séries. 

In  plotting  the  results  and  forming  the  tables  we  hâve  used  the 
averages  obtained  from  every  three  successive  spécimens  in  each 
séries,  and  thus  there  are  four  entries  on  each  chart  and  in  each  table. 

In  considering  the  différences  which  hâve  been  found  in  the  ner- 
vous System  of  the  American,  as  compared  with  the  European  species, 
it  is  well  to  bear  in  mind  that  in  external  form  and  appearance  — 
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color  marks  excepted  —  the  three  species  are  very  similar  to  one 
another  ;  moreover,  they  are  similar  in  the  following  characters  : 

(1)  In  range   in   body  weight.      (The  largest  spécimens   being 
always  females.) 

(2)  In  the  ratios  obtained  by  dividing  the  body  weight  by  the  total 
length. 

TABLE  I 
AvERAGE  Body  Weight  per  Millimeter  of  Length 


Body  weight 
in  grams. 

Body  weight 

per  millimeter 

in  grams. 

R.  pipiens 

14.9 

.102 

23.2 

.135 

30.8 

.168 

43.2 

.218 

R.  esculenta  .... 

15.9 

.114 

22.0 

.134 

35.0 

.199 

40.2 

.208 

R.  temporarîa  .    .    . 

15.9 

.107 

23.1 

.137 

28.0 

.162 

31.3 

.177 

Thèse  vahies  for  the  three  species  run  parallel,  and  the  smaller 
differ  on  the  average  by  4.1  %  and  2.3%  respectively  from  R.  esculenta, 
which  gives  the  highest  figures. 

R.  pipiens  has  the  most  slender  build. 

(3)  In  the  fraction  of  the  total  length  represented  by  the  com- 
bined  lengths  of  the  leg  bones. 


TABLE  II 
Total  Length  by  Combined  Length  of  Leg  Bones. 

R.  pipiens 68.7  % 

R.  esculenta 70.7  % 

R.  temporaria      ....   69.4  % 

(4)    In  the  proportional  lengths  of  the  several  leg  bones. 
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TABLE    III 
Proportional  Length  op  Leg  Bones 


Fémur. 

Tibia. 

l'"oot. 

R.  pipiens 

R.  eseulenta 

R.  tcniporaria   .... 

25.5  % 
2G.3  % 
26.1  % 

29.3  % 
28.2  % 
28.7  % 

45.2  % 
45.5% 

45.2% 

(o)  In  the  arrangement  of  the  branches  of  the  nerves  to  tlie  leg. 
(Dunn,  1900.) 

In  contrast  to  thèse  simihxrities  are  the  différences  which  appear 
in  the  nervous  system. 


TABLE   IV 
Weight  of  THE  Central  Neiîvous  System  in  Gram.« 


Body  weight 
in  grams. 

C.  N.  S. 

R.  pipiens.    .    .    . 

14.9 

.1040 

23.2 

.1256 

30.8 

.1463 

43.2 

.1674 

jf?.  escidenta  .    .    . 

15.9 

.0890 

22.0 

.1142 

35.0 

.1403 

40.2 

.1502 

R.  temporaria    .    . 

15.9 

.0929 

23.1 

.1108 

28.0 

.1213 

31.3 

.1323 

Table  IV.  shows  that  the  central  nervous  system  is  heaviest  in 
R.  piplen.s,  next  in  R.  esculenia  and  least  in  R.  tcmpnraria.  The 
weight  of  the  nervous  system  in  R.  csculenta  is  89%  and  in  R.  tem- 
poraria 88%  of  that  in  R.  pipiens. 
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TABLE  V 

WeIGHT   OF   THE    BrAIN   AND    OF    THE    SpINAL   CoRD    IN   GrAMS 


Body  weight 
in  grams. 

Brain. 

Cord. 

R.  pipiens 

14.9 

.0725 

.0315 

23.2 

.0866 

.0390 

30.8 

.1023 

.0440 

43.2 

.1165 

.0509 

R.  esculenta 

15.9 

.0620 

.0270 

22.0 

.0788 

.0354 

35.0 

.0949 

.0453 

40.2 

.1008 

.0490 

R.  temporaria.    .    .    . 

15.9 

.0635 

.0294 

23.1 

.0721 

.0387 

28.0 

.0791 

.0422 

31.3 

.0862 

.0461 

TABLE  VI 
Ratio  of  Brain  Weight  to  Cord  Weight 


Body  weight 
in  grams. 

Ratio. 

R.  pipiens  .... 

14.9 

2.33 

23.2 

2.22 

30.8 

2.32 

43.2 

2.28 

R.  esculenta    .    .    . 

15.9 

2.29 

22.0 

2.22 

35.0 

2.09 

40.2 

2.05 

R.  temporaria.   .    . 

15.9 

2.15 

23.1 

1.86 

28.0 

1.87 

31.3 

1.87 
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Table  V.  shows  that  the  brain  weights  run  in  the  same  order. 
The  spinal  cords  of  R.  pipieiis  and  R.  temporaria  hâve,  however, 
nearly  the  same  weight,  and  both  are  heavier  than  that  of  R.  esculenta 
which  is  95%  of  that  in  R.  pipiens. 

Table  VI.  shows  that  the  proportional  weight  of  the  brain  to 
that  of  the  spinal  cord  also  follows  the  order  of  the  brain  weights. 


TABLE  VII 
Percentage  of  Water  in  Brain  and  Spinal  Cord 


Body  weight 
in  grains. 

Brain  %. 

Spinal  cord  %. 

R.  pipiens 

14.9 

84.5 

80.2 

23.2 

84.7 

80.1 

30.8 

85.0 

80.5 

43.2 

85.7 

81.2 

R.  esculenta 

15.9 

83.6 

78.6 

22.0 

83.3 

78.9 

35.0 

83.3 

78.4 

40.2 

83.2 

78.3 

R.  temporaria.    .    .    . 

15.9 

82.7 

78.6 

23.1 

82.3 

77.2 

28.0 

82.1 

76.9 

31.3 

81.6 

77.8 

Table  VII.  shows  that  the  percentage  of  water  in  both  the  brain 
and  spinal  cord  follows  the  order  of  the  brain  weights. 

This  concludes  the  comparison  of  the  three  species,  but  we  hâve 
in  addition  data  which  enable  us  to  compare  R.  pipiens  with  R. 
esculenta  alone  as  to  the  number  of  fibers  in  the  spinal  nerve  roots, 
and  with  R.  temporaria  alone  as  to  the  length  of  the  internodes. 

In  a  female  spécimen  of  R.  pipiens  weighing  48.2  grams  Hardesty 
(1899)  counted  14,583  medullated  fibers  in  the  roots  of  one  side. 

In  a  spécimen  of  R.  esculenta  counted  by  Birge  (1882)  there  were 
—  when  reduced  for  the  same  size  as  Hardesty's  spécimen  —  8,922 
fibers,  showing  therefore  a  minus  différence  of  5,661  fibers.    In  other 
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words,  R.  esculenta  has  only  61  %,  as  many  nerve  fibers  as  are  found 
in  the  spinal  nerve  roots  of  R.  pipiens. 


TABLE  VIII 

The  Number  of  Medullated  Fibers  in  the  Spinal  Nerve  Roots  of  one 
SiDE  OF  R:  pipiens  and  of  R.  esculenta.  Gaupp's  Numbering  of  the 
Spinal  Nerves. 


R.  pipiens.     48.2  gms. 

R.  esculenta.     48.2  gms. 
(reduced  from  63  gms.). 

Dorsal. 

Ventral. 

Dorsal. 

Ventral. 

II.  .  . 
III.  .  . 

IV.  .    . 

V.  .    . 

VI.  .    . 

VII.  .    . 

VIII.  .    . 

IX.  .    . 

X.  .    . 

XI.  .    . 

132 

2496 

329 

371 

299 

350 

1108 

2108 

1171 

61 

1045 
1478 
379 
163 
127 
251 
377 
1295 
721 
321 

115 

1530 

245 

179 

208 

171 

521 

1022 

921 

38 

727 
905 
446 
98 
106 
148 
132 
807 
409 
197 

Table  VIII.  shows  the  numerical  relations  for  each  of  the  several 
spinal  nerves  in  the  two  species,  the  motor  and  sensory  fibers  being 
distinguished. 

The  ratio  of  the  number  of  motor  to  the  number  of  sensory  fibers 
is  not  the  same  in  the  two  species,  as  is  shown  in  Table  IX. 


TABLE  IX 

Ratio  of  Motor  to  Sensory  Fibers 

Motor  to  Sensory. 

R.  pipiens  has 1    .    .    .   1.36 

R.  esculenta 1    .    .    .   1.24 

R.  pîpiens  has  therefore  relatively  more  sensory  fibers. 
A  comparison  of  the  results  of  Boycott  (1904)  on  the  length  of  the 
internodes  in  R.  temporaria  with  the  corresponding  (unpublished) 


NERVOUS    SYSTEM    OF    FROGS    COMPARED         235 

observations  of  Takahashi  on  R.  pipicns,  shows  that  in  R.  pipiens 
the  internodes  are  shorter,  having  64%  or  about  two-thirds  of  the 
lengtli  found  in  R.  tempuraria. 

The  frogs  which  I  examined  in  Europe  did  not  support  Fubini's 
results,  and  I  therefore  conclude  that  his  work  was  not  donc  with 
sufficient  care  to  make  his  findings  valuable. 

From  tlie  observations  hère  presënted  it  ap})ears  that  the  three 
species  studied  are  similar  in  gênerai  form  and  proportions,  but  that 
R.  pipicns  has  — 

(1)  A  heavier  central  nervous  system. 

(2)  A  heavier  brain  and  spinal  cord. 

(3)  A  heavier  brain  in  relation  to  the  weight  of  the  spinal  cord. 

(4)  A  greater  percentage  of  water  in  both  the  brain  and  spinal  cord. 

(5)  A  larger  number  of  medullated  fibers  in  the  spinal  nerves 
(when  compared  with  R.  esculoifa). 

(6)  A  slightly  greater  proportion  of  sensory  fibers  (when  com- 
pared with  R.  esculenta). 

(7)  Shorter  internodes,  implying  a  larger  number  of  sheathing 
cells  (when  compared  with  R.  tcmporaria). 

Thèse  characters  may  ail  be  counted  to  the  crédit  of  R.  pipicns 
as  indicating  a  slightly  higher  development  of  its  nervous  system. 

I  hâve  ventured  to  présent  thèse  observations  in  order  to  show 
that  considérable  différences  may  exist  in  the  nervous  Systems  of 
species  zoiilogically  closely  related,  and  also  to  call  attention  to  the 
fact  that  for  physiological  purposes  we  must  regard  the  American 
species  as  decidedly  différent  from  the  European. 

If  we  may  use  the  anatomical  différences  hère  noted  as  a  basis 
for  physiological  prédictions,  we  might  expect  the  American  léopard 
frog  to  give  more  perfect  gênerai  reactions  associated  with  less  per- 
fect  reflex  ones,  and  also  to  find  that  it  was  both  more  sensitive 
and  stronger. 
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THE    CEPHALIC   VEINS   OF   REPTILES 

(Abstract) 
HENRY  L.   BRUNER 

The  larger  cephalic  veins  of  lizards,  snakes  and  turtles  hâve 
been  described  by  Rathke/'^  Grosser  and  Brezina^  and  others,  but 
thèse  authors  hâve  made  no  attempt  to  work  out  the  closer  relations 
of  the  veins  or  to  follow  their  tributaries.  A  more  thorough  study  of 
this  field  is  especially  suggested  by  the  fact  that  the  head  of  thèse 
reptiles  contains  large  blood  sinuses  whose  significance  has  not 
been  explained  in  a  satisfactory  way.  In  this  brief  abstract  I  shall 
confine  myself  to  a  description  of  gênerai  conditions  occurring  in 
Lacerta  agilis.  For  additional  détails  in  regard  to  this  and  other 
forms  the  reader  is  referred  to  the  author's  article  in  the  American 
Journal  of  Anatomy,  Vol.  7,  pp.   1-41,  1907. 

Practically  ail  of  the  blood  of  the  anterior  part  of  the  head  of 
Lacerta  is  poiired  into  the  sinus  orbitalis,  a  great  blood  space  which 
lies  between  the  bulbus  and  the  orbital  wall.  Its  most  important 
tributary  is  the  vena  maxillaris.  The  sinus  is  drained  by  the  voia 
jugularis  interna,  which  receives  also  two  veins  from  the  brain  {v. 
cerebralis  média  and  v.  cerebralis  posterior)  and  a  vein  from  the 
lower  jaw  (i'.  mandibularis).  As  it  enters  the  neck  the  vena  jugidaris 
interna  probably  carries  nine-tenths  of  ail  the  blood  from  the  cranium, 
face  and  jaws.  The  remainder  of  the  blood  from  the  dorsal  part  of 
the  head  is  transmitted  by  the  vena  sjyinalis  and  the  vena  jugularis 
externa.  The  tongue,  trachea  and  floor  of  the  mouth  are  drained 
by  the  vena  trachealis  of  Grosser  and  Brezina. 

The  chief  sinuses  of  the  head  of  the  lizard  are:  (1)  The  sinus 
orbitalis,  which  is  drained  directly  by  the  internai  jugular  vein. 
(2)  The  sinus  vestibuli  nasi,  which  surrounds  the  nasal  opening  and 
the  deeper  parts  of  the  nasal  vestibule.  It  is  drained  by  the  vena 
maxillaris.  (3)  The  palatine  sinuses,  which  lie  in  the  submucosa 
of  the  roof  of  the  mouth.  They  are  connected  indirectly  both  with 
the  sinus  orbitalis  and  the  vena  jugularis  interna.  (4)  The  cranial 
sinuses.  Under  this  head  I  include  the  sinus-like  veins  of  the  brain 
and  other  related  sinuses  which  lie  wholly  or  partly  outside  of  the 
cranial  cavity. 

In  addition  to  thèse  conspicuous  sinuses  the  veins  and  capillaries 
are  generally  more  or  less  enlarged  throughout  the  head,  especially 
in  the  skin  and  mucous  membranes. 

*  Rathke,  H.     Ent-wàcklungsgeschichte  der  Natter.    Kônigsberg,  1839. 
'  Rathke,  H.     Ueber  die  Entwicklung  der  Schildkrôten.    Kônigsberg,  1848. 
'  Grosser  and  Brezina.     Ueber  die  Entwicklung  der  Venen  des  Kopfes  und 
Halses  der  Reptilien.     Morph.  Jahrb.,  Bd.  23. 


A  MOULTING  MECHANISM   IN  LIZARDS 

(Abstract) 
HENRY  L.   BRUNER 

One  of  the  most  striking  characteristics  of  the  vascular  System 
of  the  lizards  is  the  great  development  of  blood  sinuses  in  the  head. 
Thèse  include  not  only  intracranial  sinuses  such  as  we  find  in  mam- 
mals,  but  also  facial  sinuses  which  probably  occur  only  among  rep- 
tiles. Important  contributions  to  our  knowledge  of  thèse  sinuses 
hâve  been  made  by  Leydig/  Weber,^  Grosser  and  Brezina^  and 
others,  but  thèse  authors  hâve  not  offered  a  satisfactory  explanation 
of  the  origin  and  significance  of  the  sinuses.  I  hâve  attempted  to 
furnish  a  solution  of  thèse  problems  in  a  récent  article  in  the 
American  Journal  of  Anatomy*  to  which  I  would  refer  those  who  are 
interested  in  the  détails  of  the  subject.  In  this  abstract  I  wish  to 
présent  a  brief  summary  of  some  of  the  more  important  points  of 
that  article. 

A  Swell  Mechanism  in  the  Head  of  Lizards.  Prolonged 
study  of  the  lizards  lias  shown  that  the  blood  sinuses  form  part  of 
a  complicated  mechanism  which  is  used  to  produce  intumescence 
and  enlargement  of  the  soft  parts  of  the  head. 

(1)  Among  the  active  parts  of  this  swell  mechanism  the  most 
important  is  a  small  striated  muscle  which  invests  the  internai  jugular 
vein  {m.  constrictor  venae  jugularis  intcrnae).  The  muscle  is  located 
at  a  point  where  the  trunk  vein  receives  the  vena  cerahralis  poste- 
rior,  about  one-half  of  the  muscle  fibers  lying  posterior  to  the  entrance 
of  the  tributary  vein.  Through  this  part  of  the  jugular  vein,  under 
ordinary  conditions,  pass  nine-tenths  of  ail  the  blood  from  the  cra- 
nium,  face  and  jaws.  In  ail  the  species  examined  the  muscle  arises 
from  the  parotic  process,  chiefly  from  the  latéral  portion  of  the  ex- 

*  Leydig.     Die  in  Deutschland  lebenden  Arten  der  Saurier.     1872. 

'  Max  Weber.  Ueber  die  Nebenorgane  des  Auges  der  Reptilien.  Archiv 
f.  Naturgesch.,  43,   1877. 

'  Grosser  and  Biezina.  Ueber  die  Entwicklung  der  Venen  des  Kopfes  und 
Halses  der  Reptilien.     Morph.  Jahrb.,  23,  1895. 

*  Bruner.  On  the  Cephalic  Veins  and  Sinuses  of  Reptiles,  with  Description 
of  a  Mechanism  for  raising  the  Venous  Blood  pressure  in  the  Head.  Am.  Jour. 
Anat.,  7,  l,  1907. 
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occipital  bone  (occipitale  latérale).  In  a  few  forrns,  such  as  Lacerta 
agilis,  the  muscle  inscris  on  a  free  epibranchial  cartilage  which  lies 
on  the  médian  side  of  the  jugular  vein  (second  epibranchial  cartilage 
of  Parker). 

The  constrictor  muscle  is  innervated  by  fibers  which  hâve  been 
traced  to  the  ganglion  superius  vagi. 

(2)  Another  characteristic  muscle  of  the  swell  mechanism  of  the 
lizards  is  the  protrusor  oculi,  which  I  described  for  the  first  time  in 
the  American  Journal  of  Anatomy,  Vol.  7,  p.  54,  1907.  The  muscle 
lies  at  the  origin  of  the  internai  jugular  vein,  directly  posterior  to 
the  orbit.  In  contraction  it  exercises  a  double  function,  the  posterior 
part  compressing  the  jugular  vein,  while  the  anterior  part  élevâtes 
the  floor  of  the  sinus  orbit alis. 

The  protrusor  muscle  is  supplied  by  the  trigeminus  nerve,  the 
innervating  fibers  uniting  with  those  for  the  lower  lid  muscle  to  form 
a  common  trunk  (ramus  ad  m.  depressorem  palpcbrae  inferioris  of 
authors). 

(3)  Another  important  agent  which  enters  the  service  of  the 
swell  mechanism  is  the  cardio-accelerator  apparatus.  During  the 
opération  of  the  swell  mechanism  the  rate  of  cardiac  pulsations 
increases,  the  accélération  amounting,  in  some  cases,  to  as  much  as 
twenty  per  cent. 

A  more  rapid  heart-beat  seems  also  to  imply  vaso-motor  ad- 
justments  which  would  aid  in  the  distension  of  the  veins  and  sinuses 
of  the  head. 

Opération  of  the  Swell  Mechanism.  In  the  opération  of  the 
swell  mechanism  three  différent  stages  may  be  distinguished,  which 
together  form  a  normal  cycle  of  intumescence. 

(1)  The  first  stage  lias  a  normal  duration  of  about  five  seconds, 
but  is  sometimes  much  longer.  It  is  characterized  especially  by 
contraction  of  the  constrictor  muscle  and  accélération  of  the  heart- 
beat,  probably  also  by  vaso-motor  adjustments,  including  dilation  of 
the  carotids  and  constriction  of  the  posterior  arteries.  During  this 
stage  the  veins  and  sinuses  are  gradually  filled  and  distended,  the 
orbital  région  is  protruded,  and  more  or  less  swelling  occurs  in  other 
parts  of  the  head.  With  the  ordinary  duration  of  this  stage  the 
venons  blood  pressure  reaches  a  maximum  for  the  existing  arterial 
pressure  and  at  this  point  the  distension  of  veins  and  sinuses  ceases. 
Then  follows 

(2)  The  second  stage,  in  which  the  venons  pressure  is  raised  to  a 
higher  level  by  the  contraction  of  certain  muscles.  The  duration  of 
this  stage  is  about  one-half  second.  It  is  marked  by  the  sudden 
activity  of  the  protrusor  oculi,  the  temporalis  and  the  bucco-pharyn- 
geal  muscles,  while  the  constrictor  muscle  still  maintains  its  tension. 
The  newly  acting  muscles  raise  the  blood  pressure  in  the  sinus  orbitalis 
and  the  jugular  vein,  the  orbital  région  is  more  strongly  protruded, 
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and  a  wave  of  high  pressure  runs  through  the  smaller  veins  and 
sinuses  of  the  head.  In  view  of  thèse  events  it  is  not  improbable 
that  the  venons  blood  pressure,  at  least  in  the  larger  vessels,  exceeds 
the  local  arterial  pressure. 

(3)  The  third  stage  in  the  cycle  of  intumescence  is  a  stage  of 
réduction,  which  is  inaugurated  by  relaxation  of  the  muscles  which 
were  active  during  the  previous  stages.  The  décline  of  blood  pressure 
is  foUowed  by  a  slowing  down  of  the  heart-beat,  probably  also  by 
constriction  of  the  cephalic  arteries  and  dilation  of  the  posterior  ar- 
teries  of  the  body. 

Exuviation  by  Means  of  Blood  Pressure.  The  first  theory 
that  I  entertained  in  regard  to  the  function  of  the  swell  mechanism 
was  suggested  by  the  remarkable  adaptations  for  frightening  enemies 
which  occur  among  the  lizards.  In  some  forms  the  head  is  provided 
with  dilatable  sacs  which  are  utilized  for  this  purpose,  and  it  seemed 
entirely  reasonable  to  suppose  that  in  such  cases  the  effects  might 
be  augmented  by  protrusion  of  the  eyes.  Evidence  in  favor  of  this 
view  was  suggested  by  the  habits  of  certain  species  of  Phrynosoma, 
which  are  known  to  eject  blood  from  a  sinus  in  the  région  of  the  eye. 
It  is  believed  by  Hay^  that  the  éjection  of  blood  is  a  means  of  frighten- 
ing enemies,  and  it  is  probable  that  in  this  case  the  swell  mechanism 
is  actually  used  as  a  fright  mechanism. 

Among  the  Sauria  as  a  group,  however,  such  a  function  is  prob- 
ably at  best  only  a  secondary  one.  Observations  on  différent  species 
of  lizards  indicate  that  the  chief  function  of  the  mechanism  is  to  aid 
in  exuviation,  which  process  it  facilitâtes  in  a  mechanical  way  by 
stretching  the  skin,  —  probably  also  in  a  physiological  way,  by  pro- 
viding  a  more  libéral  supply  of  lymph  to  the  skin. 

The  importance  of  such  a  moulting  mechanism  in  the  head  is 
readily  seen.  On  account  of  the  rigid  skull  and  the  attachment  of 
the  skin  to  the  openings  of  the  sensé  organs  exuviation  is  more  difïîcult 
in  the  head  than  in  other  parts  of  the  body.  In  spite  of  this  fact, 
however,  the  prompt  removal  of  the  old  epidermis  from  the  head  is 
necessary,  in  order  that  the  activities  of  the  sensé  organs  may  not  be 
seriously  interfered  with. 

The  opération  of  the  moulting  mechanism  under  natural  con- 
ditions is  not  difïicult  to  observe  in  Anolis  caroliniensis  and  Scelo- 
porus  undulatus.  The  same  movements  may,  however,  be  induced 
experimentally  by  the  application  of  court  plaster  or  mucilage  to  the 
head.  This  method  has  been  successfully  used  with  a  considérable 
number  of  species,  and  has  been  of  great  value  in  furnishing  suitable 
material  for  the  study  of  the  moulting  mechanism. 

The  Swell  Mechanism  in  Snakes  and  Turtles.     The  swell 

mechanism  occurs  in  a  simple  form  in  snakes  and  turdes,  in  both 

of  which  I  hâve  found  a  constrictor  muscle,  associated  with  well- 

»  Hay.     Ejection  of  Blood  by  Horned  Toads.    Proc.  U.  S.  Nat.  Mus.,  15,  1892. 
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developed  sinuses.  The  opération  of  the  mechanism  under  natural 
conditions  has  not  been  observed  in  either  of  thèse  gtoZ  Tul 
probable,  however,  that  in  the  snakes,  at  least,  the  mechanism    s 

taïes  th^Xe'o?  tC"V  Y'  ^'^r^^  ''^'^^'  des^ion 
iTfu  ^^^P'^."^^  ^^  *^  f,  Penodical  moult,  but  it  is  possible  that  the 
swell  mechanism  is  still  used  to  remove  the  old  strata  of  the  epidermis! 


THE   FIFTH   AND   SIXTH   AORTIC   ARCHES   IN 
BIRDS   AND   MAMMALS 

WILLIAM  A.  LOCY 

When  the  aortic  arches  of  vertébrales  are  first  laid  down  in  the  de- 
veloping  embryo  they  consist  of  circular  vessels  which  pass  around  the 
pharynx  from  the  truncus  arteriosns  on  the  ventral  side  to  the  roots  of 
the  dorsal  aorta  above.  In  the  aquatic-breathing  vertébrales  they  send 
numerous  ramifications  into  the  walls  of  the  gill-arches  which  are  con- 
nected  with  the  process  of  respiration,  and  in  tliose  forms,  even  in  the 
adult,  they  préserve  their  character  as  circular  vessels.  In  the  air- 
breathing  vertebrates,  however,  they  undergo  extraordinary  changes 
in  the  course  of  development  :  some  of  them  disappear  completely, 
and  the  others  are  retained  in  a  greatly  modified  form.  It  is  this  cir- 
cumstance  of  rapid  and  extensive  change  that  makes  it  difficult  to 
décide  upon  some  points  that  are  of  primary  interest  to  anatomists. 

For  many  years  after  the  first  account  (Von  Baer  in  1827  and  1828) 
of  the  development  and  transformation  of  the  aortic  arches  in  birds 
and  mammals,  anatomists  were  of  the  opinion  that  there  are  five  aortic 
arches  in  those  two  classes  of  animais  ;  but  this  view  was  changed  after 
the  discovery  of  Van  Bemmelen  in  1886  of  a  supernumerary  arch  be- 
tween  the  systemic  and  pulmonic  arches  of  birds,  and  the  subséquent 
analysis  (1887)  by  Boas  of  the  findings  of  himself  and  others.  Boas 
suggested  that  a  transitory  fifth  arch  had  been  overlooked  by  investi- 
gators  and  predicted  that  it  would  be  found  to  exist  in  mammals.  In 
1889  Zimmermann  discovered  such  an  arch  in  the  human  embryo 
and  in  that  of  the  rabbit.  After  thèse  observations  the  conclusion  was 
generally  adopted  that  there  are  six  aortic  arches  in  vertebrates  from 
the  Dipnoi  upwards.  In  1902  Tandler  brought  further  évidence  of 
the  existence  of  six  aortic  arches  in  human  embryos,  and  supplied  the 
first  published  sketches  showing  reconstructions  of  the  same.  Zim- 
mermann's  descriptions  are  very  explicit  as  to  anatomical  relationships, 
and  he  made  démonstrations  of  his  discoveries  before  the  Society  of 
German  Anatomists,  but  his  published  accounts  are  not  accompanied 
by  illustration. 

Up  to  this  time  there  had  been  little  dissent  to  the  conclusion  that 
there  are  six  aortic  arches  in  birds  and  mammals,  as  in  lower  verte- 
brates, and,  indeed,  their  number  in  birds  was  not  called  into  question; 
but  in  December,  1903,  F.  T.  Lewis,  after  a  critical  examination  of 
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the  vascular  éléments  in  the  neck  région  of  the  rabbit  embryo,  called 
attention  to  the  very  irregular  condition  of  the  blood  vessels  between 
the  svstemic  and  the  pulmonic  arches,  and  expressed  the  conchision 
that  "The  irregular  small  arteries  around  the  foiirth  entodermal 
pouch  do  not,  as  Zimmermann  believed,  form  a  distinct  aortic  arch." 
This  position  was  reënforced  in  1905  by  a  report  on  the  further  analy- 
sis  of  the  aortic  arches  by  Dr.  Lewis  in  both  rabbit  and  pig  embryos. 
In  the  discussion  of  his  observations  before  the  Society  of  American 
Anatomists  it  was  maintained  that  the  évidence  as  to  the  existence  of 
six  aortic  arches  in  mammals  is  at  least  ambiguous,  and,  further,  that 
the  identity  of  the  arch  from  which  the  pulmonary  artery  springs  in 
mammals  is  still  to  be  determined. 

The  question  thus  opened  is  an  important  one  for  the  comparative 
anatomy  of  the  arterial  System.  The  pulmonary  artery  arises  from 
the  posterior  arch  in  ail  air-breathing  vertebrates,  and  observations 
hâve  established  the  fact  that  the  posterior  arch  is  number  six  in 
dipnoi,  amphibia,  reptilia  and  birds,  and  if  the  pulmonary  arch  in 
mammals  is  some  other  number  there  is  no  homology  between  this 
arch  in  mammals  and  in  the  other  vertebrate  classes.  There  are 
vascular  éléments  between  the  systemic  and  the  pulmonic  arches  in 
mammals,  but  do  they  co^pstitute  remuants  of  a  true  aortic  arch  ? 

The  Fifth  and  Sixth  Aortic  Arches  in  Birds.  —  The  exist- 
ence of  a  fifth  extremely  transitory  arch  between  the  fourth  and  the 
pulmonic  was  first  mentioned  by  Van  Bemmelen  in  1886.  His  brief 
communication  on  the  subject  was  not  illustrated,  and,  furthermore,  he 
gave  no  description  of  the  anatomical  relations  of  the  newly-mentioned 
arch  —  he  iv  erely  indicated  its  présence.  His  complète  statement  re- 
garding  the  fifth  arch  in  his  paper  of  1886  is  as  foUows  :  "  Hinter 
der  vierten  Kiemenspalte  entstehen  beim  Hiihnchen  wie  bei  Rep- 
tilien nicht  ein,  sondern  zwei  Aortenbogen,  von  denen  der  vordere 
nur  sehr  geringe  Mâchtigkeit  erreicht  und  sehr  bald  wieder  versch- 
windet,  wahrend  der  hintere,  also  der  sechste,  zur  Art.  pulmonalis 
wird."  So  far  as  I  am  aware  the  first  drawing  and  the  first  descrip- 
tion of  the  anatomical  relations  of  the  fifth  arch  in  birds  was  published 
by  the  writer  in  1906  {Anat.  Anz.,  Bd.  XXIX,  p.  291). 

Figure  1  shows  a  caméra  sketch  of  the  dissection  of  the  aortic  arches 
of  the  left  side  of  a  chick  embryo  of  about  four  and  one-half  days' 
incubation.  The  vascular  System  of  this  spécimen  was  injected  by  in- 
troducing  India  ink  into  the  liver  by  a  fine  hypodermic  needle  while  the 
heart  was  still  in  action.  The  India  ink  being  taken  up  by  the  circula- 
tion fills  the  blood  vessels  with  a  black  fluid,  and  after  dissection  they 
show  very  distinctly  outlined  against  the  white  background  of  tissue. 

Four  complète  arches,  the  third,  fourth,  fifth  and  sixth,  are  présent 
on  both  sides  of  this  embryo.  The  sixth  is  curved  caudad  and  the  pul- 
monary artery  is  given  ofï  its  posterior  margin  about  midway  between 
its  extremities.    The  fifth  arch  is  an  offshoot  of  the  sixth.    It  is  a  slender 
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vessel,  arising  from  the  lower  fourth  of  the  sixth  arch  about  on  a  level 
witli  the  bases  of  the  third  and  fourth  arches,  and  it  terminâtes  dor- 
sally  in  the  sixth  arch  not  far  from  the  point  where  the  latter  joins  the 

aortic    root.       The    fifth  ^ 

arch    is    slightly    curved  .,••''  ""'x^ 

cephalad,  but  in  another 

injected     spécimen    its  .••''..'--■ 

course  is  straight  so  that 

it  has  the  appearance   of  .."' 

a  cord  stretched  across  the 

bow    of    the    sixth    arch.     •'  .- 

The  ready  passage  of  the    ^  1 

injecting    fîuid    into    it      \ 

shows,  however,  that  it  is         '''-«.w.». 

a  true  vessel   and  not  a  ''^.— 

soHd  cord. 

The  fifth  and  sixth 
aortic  arches  in  essen- 
tially  the  same  phase  of 
development  hâve  been 
observed  in  seven  spéci- 
mens of  the  chick  embryo  Fig.  1.  Dissection  of  the  injected  aortic  arches 
ail  incubated  between  four       ?f  ^  chick  embryo  of  four  and  one-half  days 

1    f>  1  T71  «        incubation. 

and  hve   days.     I^our  oi 

thcs3  were  injected  and  dissected  and  three  were  sectioned.     In  the 

four  injected  spécimens  the  fifth  arch  shows  as  a  complète  vessel, 

and  in  ail  it  is  an  offshoot  of  the  sixth. 

The  study  of  sériai  sections  bears  out  the  interprétation  put  upon 
surface  views.  In  two  of  the  three  embryos  that  were  sectioned  the 
fifth  arch  was  présent  only  on  one  side,  in  one  spécimen  on  the  right 
side  and  in  the  other  on  the  left.  The  histological  structure  of  the 
fifth  arch  is  like  that  of  the  other  aortic  arches,  possessing  an  intima, 
circularly  arranged  muscles,  and  an  extremely  thin  covering  of  con- 
nective  tissue. 

In  its  anatomy  and  histology  this  blood  vessel  agrées  in  ail  essential 
features  with  the  other  arches,  and,  therefore,  we  conclude  that  it  is  a 
véritable  aortic  arch  which  makes  its  appearance  in  chick  embryos 
between  the  fourth  and  fifth  days  of  development.  Its  period  of 
existence  is  much  briefer  than  that  of  the  other  aortic  arches,  and  also 
it  is  subject  to  greater  individual  variation.  Inasmuch  as  it  cannot  be 
found  in  many  séries  of  sections  of  the  right  âge,  it  is  probable  that  it 
is  frequently  entirely  absent. 

The  Fifth  Aortic  Arch  in  Mammals.  —  For  observations  of  the 
aortic  arches  in  mammals  I  hâve  had  the  entire  séries  of  préparations 
of  rabbit  and  pig  embryos  made  by  Harriet  Lehmann  and  a  few  addi- 
tional  slides  prepared  by  myself.    I  hâve  made  a  careful  study  of  this 
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material,  and  agrée  with  Miss  Lehmann  (Zoolog.  Jahrb.,  Bd.  XXII, 
pp.  387-434)  in  ail  points  regarding  the  development  in  thèse  two 
mammals  of  the  arterial  éléments  between  the  systemic  and  pulmonic 
arches.  The  présence  of  a  complète  blood  vessel  between  the  foiirth 
and  the  pulmonary  arch  in  mammals  was  first  demonstrated  by 
Zimmermann  (1889)  in  the  human  embryo  (Fig.  2).  It  was  first 
figured  by  Tandler  in  1902  (Fig.  4).  Zimmermann,  also  in  1889,  de- 
scribed  a  complète  blood  vessel  in  the  same  position  in  the  rabbit  em- 
bryo (Fig.  7),  and  an  incomplète  one  in  the  sheep  (Fig.  9).  He  did  not 
publish  figures,  but  his  descriptions  of  the  anatomical  relationships  and 
of  the  relative  size  of  the  vessels  is  so  clear  that  diagrams  can  be  made. 

In  Figs.  2,  3,  4,  6,  7,  8  and  9  I  hâve  brought  together  outlines 
showing  the  condition  of  thèse  vessels  in  mammals  as  described  by 
Zimmermann,  Tandler  and  Lehmann;  thèse  being  the  authors  who 
hâve  observed  a  complète  arch  between  the  systemic  and  pulmonic 
arches  of  mammals.  Other  writers,  as  Lewis  (Fig.  10)  and  Lehmann, 
hâve  shown  a  very  irregular  arrangement  of  vascular  éléments  in  the 
same  position  in  the  rabbit  and  pig. 

Fig.  2  shows  a  diagram  of  the  aortic  arches  in  a  human  embryo 
7  mm.  long.  The  gênerai  outline  is  adapted  from  Tandler 's  figure  of 
the  aortic  arches  in  a  similar  embryo,  and  the  "fifth"  arch  is  sketched 
in  according  to  the  descriptions  of  Zimmermann.  This  artery,  first 
actually  observed  by  Zimmermann,  was  described  by  him  as  being 
slightly  smaller  than  the  fourth  arch  and  given  oiï  between  the  first 
(lower)  and  second  thirds  of  that  arch.  It  is  at  first  directed  poste- 
riorly,  then  taking  a  course  nearly  parallel  to  the  larger  arch  passes 
upward  and  unités  again  with  the  fourth  arch  between  its  middle  and 
last  thirds. 

Fig.  3  is  a  reconstruction  made  by  Harriet  Lehmann  of  the  aortic 
arches  in  a  pig  embryo  of  the  twenty-first  day  of  development.  This 
has  been  confirmed  by  the  writer.  The  supposed  fifth  arch  is  a  vessel 
arising  from  the  central  portion  of  the  fourth  arch,  and  passing  dorsad 
and  caudad  to  unité  with  the  pulmonary  arch  near  the  union  of  the 
latter  with  the  aortic  root.  It  is  also  connected  with  the  aortic  root  by 
an  independent  branch.  It  is  rather  difficult  to  décide  whether  the 
main  path  of  the  vessel  in  this  spécimen  is  from  the  fourth  arch  to  the 
aorta  or  from  the  fourth  to  the  pulmonic  arch,  but  from  the  other 
figures  in  Miss  Lehmann's  paper,  and  also  on  account  of  the  findings 
of  Tandler  in  rat  embryos  (Fig.  6),  I  think  that  the  latter  is  more 
probable. 

Fig.  4  is  a  diagram  of  the  aortic  arches  in  a  human  embryo  7  mm. 
long  as  reconstructed  by  Tandler.     (Compare  with  Fig.  2.) 

Fig.  5  is  a  caméra  sketch  of  the  aortic  arches  of  the  left  side  of  a 
chick  embryo  of  four  and  one-half  days  incubation.  This  is  made 
from  an  actual  dissection  by  the  writer,  the  aortic  arches  having  been 
injected  with  India  ink. 
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Figs.  2,  3,  4  and  5  show  an  interesting  gradation  in  the  arrange- 
ment of  the  so-called  fifth  arch.  In  Fig.  2  it  is  an  offshoot  of  the 
fourth  arch,  in  Fig.  5  it  is  a  similar  offshoot  from  the  sixth  arch,  while 


Figs.   2-9.     Reconstructions  of  the  aortic  arches  in  varions  mammals  and  in  the 
chick.    2,  4,  8,  human;  3,  pig;  5,  chick;  6,  rat;  9,  sheep. 

in  Fig.  3  it  connects  the  fourth  and  sixth  arches,  and  in  Fig.  4  runs 
from  the  truncus  arteriosiis  to  thé  sixth  arch. 

Fig.  6  shows  a  broad  vessel  Connecting  the  systemic  and  pul- 
monic  arches  —  a  condition  found  by  Tandler  in  the  rat  embryo. 
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Fig.  7  is  a  diagram  of  the  condition  of  the  aortic  arches  found  bv 
Zimmermann  in  a  rabbit  embryo  of  about  the  eleventh  fhiy  of  devel- 
opment.  The  gênerai  outUne  is  taken  from  Harriet  Lehmann's  figure 
of  the  aortic  arches  of  a  rabbit  of  about  tlie  same  âge,  and  the  "fifth" 
arch  is  sketched  from  Zimraermann's  statement  that  the  artery  in 
question  leaves  the  truncus  arteriosus  as  a  modéra tely  slender  vessel, 
broadens  gradually  until  it  becomes  about  one-half  the  diameter  of  the 
pulmonary  arch,  and  empties  into  the  aorta  close  to  the  distal  end  of 
the  latter  arch.  The  notable  circumstance  in  this  spécimen  of  the 
rabbit  is  that  the  blood  vessel  extends  from  the  truncus  arteriosus  to 
the  aortic  root  as  an  unbranched  vessel.  This  stands  in  marked  con- 
trast  to  the  conditions  described  and  figured  by  Lewis  in  rabbit  em- 
bryos  of  a  similar  âge. 

Fig.  8  is  an  outline  of  Tandler's  reconstruction  of  the  aortic  arches 
in  a  human  embryo  after  the  séparation  of  the  systemic  and  pul- 
monic  trunks.  The  relations  of  the  fifth  arch  are  the  same  as  repre- 
sented  in  Fig.  4. 

Fig.  9  is  a  diagrammatic  sketch  of  the  aortic  arches  in  a  young  sheep 
embryo  based  on  the  description  of  Zimmermann.  In  1889  he  found 
in  an  incomplète  séries  of  sections  of  a  sheep  embryo  a  vessel,  présent 
on  both  sides  of  the  pharynx,  leaving  the  distal  end  of  the  pulmonic 
arch  and  extending  ventralward  between  the  systemic  and  pulmonic 
arches.  Owing  to  the  incompleteness  of  the  sections  he  was  not  able 
to  détermine  its  ventral  termination. 

The  figures  just  described  embrace  the  cases  where  a  complète 
arterial  vessel  has  been  observed  in  mammals  between  the  systemic 

and  pulmonic  arches. 
The  great  irregularity  of 
the  vascular  éléments  in 
this  région  is  best  repre- 
sented  in  the  researches 
of  Lewis.  Fig.  10  shows 
one  stage  in  a  séries  of 
graphie   reconstructions 

made  bv  Lewis  to  show 
Fig.  10.     Graphie  reconstruction  from  a  twelve-day  ^i^^    ^r^^Ait^^r^    r^f   ^U^c^ 
rabbit  embryo.     (After  Lewis.)  "^^    condition    ot    these 

vessels  m  rabbit  embryos 
of  eleven,  twelve  and  twelve  and  one-half  days  development.  The 
figure  is  made  from  a  twelve-day  rabbit.  He  has  also  shown  a  similar 
irregularity  in  the  corresponding  vessels  in  the  pig  embryo. 

A  summary  of  the  observations  on  mammalian  embryos  shows  that 
we  hâve  the  following  conditions  of  vascular  éléments  beftween  the 
fourth  and  pulmonic  arches: 

(a)  A  complète  arch  as  an  offshoot  of  the  fourth  arch  and  return- 
ing  to  it  (human,  Zimmermann)  ;  (6)  a  complète  arch  Connecting  the 
fourth  and   pulmonic  arches  (pig,  Lehmann,  Locy;    rat,  probably, 
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Tandler);  (c)  a  complète  arch  from  the  truncus  arteriosus  to  the 
aortic  root  (rabbit,  Zimmermann)  ;  (d)  a  complète  arch  from  the 
truncus  arteriosus  to  the  pulmonic  arch  (human,  two  cases,  Tandler)  ; 
(e)  irregular  vascular  éléments  from  the  fourth  arch,  the  aortic  root 
and  the  pulmonary  arch  (pig,  Lehmann,  Lewis;  rabbit,  Lewis,  Leh- 
mann  ;  rabbit  in  stages  of  degeneration  of  the  arch,  Zimmermann)  ;  and 
(/)  a  single  vessel  from  the  distal  end  of  the  pulmonic  arch  with  un- 
known  ventral  connections  (sheep,  Tandler). 

In  the  light  of  ail  thèse  observations  it  would  appear  that  the  vas- 
cular éléments  between  the  fourth  and  the  pulmonary  arch  exhibit  great 
variability,  but  that  there  are  recorded  a  sufficient  number  of  cases  of 
their  aggregation  into  a  complète  vessel  to  justify  the  assumption 
that  there  is  a  fifth  aortic  arch  in  mammals  as  in  other  vertebrates. 

Lewis  says  (pp.  507  and  .508)  :  "The  aortic  arches  may  be  defined 
as  vessels  extending  from  the  ventral  to  the  dorsal  aorta  and  found 
either  between  the  successive  pharyngeal  pouches,  in  front  of  the  first, 
or  behind  the  last"  .  .  .  and  "Reviewing  ail  thèse  observations, 
that  only  in  the  rabbit  and  sheep,  as  recorded  by  Zimmermann,  is  a 
typical  arch  found  among  mammals."  This  limits  the  conception  of 
an  aortic  arch  to  unnecessarily  narrow  boundaries,  and  would  exclude 
the  fifth  aortic  arch,  generally  accepted  by  anatomists  as  existing  in 
the  frog,  lacerta  and  the  chick,  as  well  as  the  complète  and  unbranched 
vessel  between  the  fourth  and  the  pulmonary  arches  in  the  human 
embryo  (Figs.  4  and  8). 

Lewis  also  emphasizes  the  irregular  condition  of  the  arterial  élé- 
ments between  the  fourth  and  the  pulmonary  arches  in  the  rabbit 
and  pig  as  throwing  doubt  upon  the  existence  of  a  true  aortic  arch  in 
this  position.  While  ail  variations  and  irregularities  should  be  taken 
into  account,  they  should  not  be  allowed  to  dominate  interprétations. 
The  ever-changing  picture  in  embryonic  development  must  be  con- 
stantly  borne  in  mind.  One  set  of  sections,  at  best,  represents  only  one 
stage  either  of  construction  or  oblitération  of  such  transitory  structures 
as  the  aortic  arches,  and,  therefore,  those  cases  in  which  they  are  most 
perfectly  exhibited  are  of  more  significance  than  those  in  which  they 
are  partially  or  imperfectly  represented. 

Variability  of  transitory  organs  is  also  a  constant  feature  of  embry- 
onic development.  The  vascular  System  even  in  adult  stages  is  sub- 
ject  to  wide  variation,  and  in  the  embryo  individual  variation  in  the 
aortic  arches  and  ail  their  dependencies  are  commonly  met  with. 
In  the  fifth  arch  we  hâve  a  structure  of  unusually  brief  existence,  and 
from  analogy  with  other  very  transient  embryonic  structures  we  should 
expect  to  find  great  variation  in  development.  It  is  likely  that  the 
drawings  of  pig  and  rabbit  embryos,  showing  irregular  arterial  rudi- 
ments between  the  fourth  and  pulmonic  arches  (Lewis,  Lehmann), 
represent  stages  in  which  that  arch  is  incomplète,  or  individual  spéci- 
mens in  which  only  vestiges  of  the  arch  are  ever  to  make  their  ap- 
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pearance.  Thèse  observations,  in  view  of  the  fact  that  a  complète  arch 
lias  been  reportée!  in  both  those  forms,  may  be  regarded  as  extending 
our  knowledge  of  the  variabihty  of  this  arch  rather  than  throwing 
doubt  on  its  existence  as  a  complète  vessel. 
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THE   MANDIBLE   IN   MAMMALIA 

(Abstract)  ( 

RICHARD  JOHN  ANDERSON 

One  can  certainly  associate  the  mandible  with  the  maxilla  so 
easily  that  it  is  not  surprising  that  one  should  look  for  characters  in 
the  one  that  are  very  similar  to  those  of  the  other,  seeing  that  they 
spring  from  the  same  cartilage  originally,  and  in  some  of  their  func- 
tions  are  very  much  alike.  But  the  connection  with  other  bones  of 
the  face,  as  well  as  the  muscular  connections,  and  the  influences  of 
the  muscles  themselves  (not  merely  tugging  but  pressing  on  bones 
already  formed,  so  as  to  produce  absorption,  and  letting  adjacent 
parts  remain  free  at  intervais,  so  as  to  produce  new  bony  deposits) 
greatly  afïect  the  characters  of  the  jaw.  It  is  very  likely  that  the 
primai  tendency  to  produce  several  bones  would  be  apparent.  In- 
deed  it  is  urged  that  additional  actual  centres  may  be  seen  in  the 
developing  mandible  of  Mammalia,  but  the  muscular  pressure  may 
cause  the  disappearance  of  thèse  ossicles,  so  that,  if  we  fail  to  see  the 
temporary  deposits,  it  does  not  follow  that  the  progressive  develop- 
ment  in  the  Mammahan  embrjo  is  not  a  recapitulation  of  racial 
stages.    Stieda  found  cartilaginous  nodules  in  some  mamraals. 

The  cartilaginous  mandibles  and  maxillse  of  some  fish  represent 
the  primitive  meckelian  condition  of  vertebrates.  The  palato-quad- 
rate  bar  "  arises  "  from  jMeckel's  cartilage.  Then  in  the  Holocephali 
the  mandible  articulâtes  with  the  palato-pterygo-quadrate,  which 
articulâtes  with  the  cranium.  Dentary,  angular,  and  splenial  are 
membranes  in  connection  with  the  mandibular  cartilage,  the 
articular  cartilaginous  in  Polypterus.  Membrane  bones  invest  the 
mandible  in  Lepidosteus. 

Amia,  besides  the  above,  has  a  supra-angular  and  a  second  ar- 
ticular and  an  azygoid  jugular.  The  teleostean  lower  jaw  is  like  that 
of  the  ganoids,  and  more  or  less  suggestive  of  the  bones  of  the  same 
names  in  Sauropsida.  The  usual  membrane  bones  are  found  in  the 
Dipnoi;  dentary,  splenial,  and  angular.  The  mandible  articulâtes 
with  the  palato-quadrate  bar. 

Amphibia,  generally  speaking,  hâve  Meckel's  cartilages  more  or 
less  encased,  two  membrane  bones  in  the  frog,  and  one  cartilage 
bone  (mento-meckelian).  The  membrane  bones  are  the  angulo- 
splenial  and  dentary.  The  former  gives  rise  to  a  coronoid.  The 
dentary  covers  the  ou  ter  surface  of  the  mandible  between  this  bone 
and  the  mento-meckelian.    Articular  is  not  osseous. 
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Dentaries  and  angulo-splenials  are  présent  in  many  Urodela.  A 
post-glenoid  process  is  often  well  marked  in  the  Labyrinthodontia. 
The  linil)less  amphibians  hâve  the  anojular  prolonged  sonietinies 
considerably  in  a  backward  direction.  The  présence  of  a  niento- 
meckeHan  ossification  is  characteristic  of  Ainura. 

Keptik\s  hâve  (k'iitaries  wiiicli  are  united;  (1)  by  h'gainent  in 
snakes,  Rhynocephaiia  and  Pythonomorphia  ;  (2)  by  a  synij^hvsis 
snture  as  in  crocodiles,  most  Lacertiha  and  Rhychosanricki;  ('A)  l)v 
bone,  as  in  Chek^nia  and  Pterosanria. 

Sutures  between  the  individual  bones  are  mostly  obhterated  in 
snakes.  A  mento-meckehan  is  présent  in  several  dinosaurs  and 
may  hâve  borne  a  beak   (Reynokls,  from  whom  I  quote  much). 

The  supra-angidar  has  a  coronoid  process  in  birds.  The  articukir 
is  continuons  with  Meckel's  cartikige.  The  angukir  is  a  sniall  bone 
which  underlies  the  articukir.  A  spk^iial  is  présent,  and  the  dentaries 
are  joined  ;  not  joined  in  Ichthyorius  and  Ai'cliœopteryx. 

It  is  évident  that  the  dentaries  must  dépend  for  movenient  on 
muscles  that  hâve  their  fixed  ends  above  or  behind,  and  that  the 
muscles  ref[uire  points  of  purchase  where  the  osteoblasts  congregate 
at  places  of  least  molecular  disturbance,  just  as  the  muscle  cells 
flourish  best  under  motile  conditions.  It  would  be  too  much  to  sav 
that  vellow  connective  tissue  bears  to  white  the  same  relation  that 
muscle  bears  to  bone,  for  bone  is  rather  the  motor  antithesis  of  muscle, 
whilst  if  we  take  white  fibrous  tissue,  it  is  the  structural  antithesis  of 
vellow;  both  are  lowly  organized.  It  is  évident  that  the  mandible  of 
sauropsids  and  ichthyopsids  has  functions  of  a  kind  mostly  ditierent 
from  the  mandible  of  mammals,  as  it  is  préhensile  rather  tlian  masti- 
catory,  and  has  important  respiratory  functions  in  ichthyopsids.  It 
is  an  aid  in  défense  and  attack,  in  burrowing  and  in  climbino'.  It 
supports  the  tongue  and  aids  in  securing  the  maxilla  and  the  soft 
parts,  the  palate  and  the  soft  parts,  the  upper  part  of  the  alimentarj 
tube,  and  the  beginning  of  the  respiratory  tract,  and  organ  of  voice, 
with  pouches  that  serve  as  réceptacles  for  food  or  for  résonance.  It 
is  évident  that  whatever  happens  when  the  varions  ossicles  that  de- 
velop  at  the  ends  of  the  pterygoids,  temporals,  and  hyo-mandibulars 
are  being  formed,  the  structural  molecular  changes  entail  absorption 
and  deposit,  and  the  cytodes  may  change  their  sphère  early  as  they 
always  do  in  osseous  structures,  so  that  everv  new  apophysis  may 
difîer  only  in  name  from  a  distinct  epiphysis.  The  internai  pterygoid 
has  at  its  ends  the  pterygoid  and  angular,  but  it  can  scarcely  be  said 
that  anatomically  the  external  pterygoid  is  much  différent,  with 
the  alisphenoids  and  the  articulars  at  its  ends,  or  the  temporal  with 
the  temporo-squamose  and  coronoid,  or  angular. 

Assuming  that  in  mammals  the  processes  correspond  to  the  like 
named  bones  which  it  would  be  difïicult  to  prove,  then  the  great 
changes  in  muscle  development  and  function  and  form  inevitably 
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lead  to  changes  in  osseous  deposit.  Thèse  deposits  dépend  on  several 
causes,  some  of  which  we  do  not  quite  understand.  Corresponding  to 
the  long  incisors  of  the  dugong  and  the  bent  upper  jaw,  is  the  bent 
lower  maxilla.  The  Httle  osseous  deposit  under  the  pulp  of  the 
finger  has  probably  some  relation  to  the  cause  that  produces  the 
nail  on  the  dorsum.  The  curved  upper  division  of  the  beak  in 
birds  fits  into  the  groove  of  the  lower,  The  spout-like  lower  jaws 
of  éléphant  and  Megatherium  answer  to  the  trunk  that  grows  above 
the  former  and  the  tongue  of  the  latter.  The  bending  down  of 
jaw  in  Myrmecophaga  has  to  do  with  the  préhensile  tongue.  The 
predental  bone  of  some  reptiles  corresponds  to  the  rostral  bone  in 
the  upper  jaw.  Then  the  elongated  lower  jaw  of  beaked  whales 
corresponds   to   the   rostrum   in   the   same   breeds. 

It  seems  doubtful  whether  the  teeth  may  get  ail  their  calcium 
from  the  bone  of  the  lower  jaw  during  their  after  developments. 
It  seems  likely  enough  that  the  growth  of  the  teeth  which  is  coinci- 
dent  with  the  muscular  development,  should  be  supplied  with  the 
calcium,  etc.,  from  the  absorbed  bones.  I  hâve  given  reasons  and 
facts  in  support  of  the  view  that  local  "  consciousness  "  exists  in 
mammals  elsewhere. 


Anthropoidea 


Mycetes   . 
Lemuroids 


Cheiroptera 
Frugivora    > 

Insectivora  ) 

Insectivora 

Galeopithecus 

Carnivora    .    . 


Rodentia 


Proboacidea 


Ascendiiig  Part  of  Ranius 


Condyle  nearly  sa,me  level  as 
coronoid,  ramus  with  a  thick 
posterior  border,  teeth  occupy 
a  good  part  of  horizontal  ra- 
mas, rami  thin. 

Large 

High   coronoid,    excavated. 
Ramus  excavated  extemally. 


Broad 

Hollowed  extemally,  bone 
thin. 

Coronoid  low,  angle  promi- 
nent in  Trinaceus. 

Ascending  ramiis  hoUow  and 
translucent  behind  anterior 
border  which  is  round.  Coro- 
noid hoUow  internally. 

Horizontal  ramus  bent  down 
in  front,  ascending  ramus  hol- 
low  between  coronoid  and  con- 
dyle and  lower  part  flat  and 
bent  forward. 

Coronoid  in  walrus  oblique 
and  round,  a  long  angular  pro- 
cess  in  polar  bear.  Much  as- 
cending ramus  excavated  ex- 
temally below  coronoid  and  in- 
ternally in  front  of  angle  in 
young  polar. 

Ant.  round  and  long  (R.), 
long  symphysis.  Copybara, 
mandible  thin  and  translucent, 
blunt  angle  is  directed  back. 

High  ascending  ranaus,  nar- 
row,  long  symphysis  with 
spout-like  structure,  bone 
tninned  by  absorption  below 
coroDoid  and  angle. 


Coronoid 


Médium. 


Thick  border 
anteriorly. 


High,  large. 


Small. 


Large, 
thinned  in 
Ursus  labi- 
atiis  and 

others. 

Small. 


Small. 


Angle 


Rounded. 


Hollowed. 
Hollowed 
internally. 


Round. 


Widened, 

distinct. 

Prominent. 


Bone  trans- 
lucent in 
front . 


Prominent. 


Often  pointed 
and  turned 

up,  prolongea 
exe.  Lepus. 
No  angle  of 
importance. 


Condyle 


High     up, 
convex. 


Transverse. 

Midway  be- 
tween cor- 
onoid and 
angle. 

Transverse. 


Transverse. 
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Ascending  Part  of  Ramus 

Coronoitl 

Angle 

Condyle 

Amblyi)<)(l;i      .    . 

SyniphysLs  with  outgrowths. 

Long.curved, 

l'i;ominent. 

llyiacoiilea      .    . 

AsceiKling  ramiLS  lias  a  back- 

perforated 

The   roun<i 

ward  expansion,   external  sur- 

lengthwise 

angle    and 

face  below  condyle  hollowed. 

at  ba.se. 

I)osterior  bor- 
der is  nearly 
on  a  level 
with  back 
part  of  skull. 

Conciylarthra  .    . 

The  mandibular  rami  are  not 
fusrd  at  the  symphysLs,  outer 
.surface  hollowed  near  border  of 
coronoid  in  front. 

Toxodontia      .    . 

Toxodon  has  mandible  fused 
at    syrnphysis,  whicli    is  chan- 
nelled,  excavated  outer  surface, 
ridge    between    coronoid    and 
rest  of  ramus. 

Low,  broad. 

Round  curves 

to  lower 

body. 

Equidœ     .... 

Ascendinc  ramus  has  a  con- 
cave hind  border  cur^-ing  from 
condyle  to  beneath  the  last  al- 
veolar,  where  it  ends  in  a  pro- 
jection (().).    The  inner  surface 
of  ramus  is  liollow. 

Long.narrow, 
modérât  e, 
recurv-ed. 

Round. 

Tapiridœ      .    .    . 

Large  hollow  basin,  internai 

Excavated 

Large,  in- 

Wide. 

to  angle,  bone   thin,     posterior 

external  ly. 

flect. 

margin  thick    with  ridges  that 

run  forward,  very  translucent. 

Bovidœ     .... 

In  Capreolus,  ramus  translu- 
cent at  coronoids  and  in  front 
of  posterior  border  above  angle, 
angle  thick. 

Long,  slender, 
curved. 

Hippopotamidaî 

Large,  syrnphysis  long,  as- 
cending ramus  conve.x  behind. 
The  posterior  border  is  contin- 
ued  to  a  downward  projecting 
angle  with  a  notch  in   front  of 
it.     The  rami  run  forward  and 
bear    four    incLsor    sockets    in 
front  of  the  tusks,  which  were 
sLx  in  some  extinct  forms  (0.  ). 

Expanded, 

with  process 

that  projects 

out  and 

forwards. 

Suidœ 

High  ascending. 

Small. 

Near  trans- 
verse   in 

Phaeoehœrus  .    . 

Mandible  Ls  expanded  anteri- 
orly  by  the  sockets  of  the  tusks 
(absori>tion  and  deposit),  and 
is  truncate. 

Upper  part 
of  mandible 
is    thinned 
below  coro- 
noid and 
translucent. 

peccary. 

Cetacea    .... 

The  mandible  has  been  com- 

Coronoid    in 

Condyle  of 

pared  to  the  savirian  jaw.    Den- 

Delphinap- 

Delphinap- 

tition in  Physeter  intermediate 

terus,  old,  4.5 

terus  3  cms. 

in  iype  between  G rampus  and 

cms.  wide. 

above  angle. 

Ichthyosaurus  (0.). 

Coronoid  not 
thick  in 
médium. 

Mesoplodon 

Odontophora  .    . 

Reptilian.    The  coronoid  are 
apt  to  get  thick  in  old  dolphins 
and    Delphinapterus,    there    is 
much  thinning  of  rami.' 

Long.narrow. 

small  . 

Condyle  not 
above 
ramus. 

Mystococeti     .    . 

Rounded,     arched,    not  long 

symphysis. 

*  There  is  a  symphysis  and  a  trace  of  a  coronoid  and  angle. 


CHANGES  IN  THE  FORE-BRAIN  OF  HUMAN  EMBRYOS 
DURING   THE   FIRST   EIGHT   WEEKS 

SUSANNA  PHELPS  GAGE 

The  présent  study  is  based  upon  a  séries  of  fourteen  embryos 
selected  from  the  IMall  collection  of  Johns  Hopkins  University,  the 
]\Iinot  collection  of  Harvard  ^Médical  School,  and  the  Gage  collection 
of  Cornell  University.  They  range  from  twelve  to  fifty-six  days. 
Ten  hâve  been  modelled,  two  sketched,  and  three  séries  hâve  been 
photographed. 

It  is  a  continuation  of  studies  begun  in  1892  with  occasional  pub- 
lished  reports  bearing  upon  the  corrélation  of  total  folds  of  the  brain 
tube,  the  nuclei  and  fiber  tracts.  The  morphological  cephalic  end 
of  the  brain  is  placed  in  the  infundibular  région,  the  total  folds  being 
numbered  serially  from  that  point. 


FiG.  1.  —  A  mesal  view  of  the  fore-brain  of  a  six  weeks  human  embryo  (Cornell 
Univ.  No.  3):  a,  Meynert's  bundle;  6,  principal  bundle  of  albicans;  ccr., 
cerebrum;  c/i. ,  chiasma;  ep.,  epiphysis;  e/n.  f/i.,  epithalamus;  %.,  hypophy- 
sis;  /;//.  th.,  hypothalamus;  rnesen.,  mesencephal ;  inf.,  infundibulum ;  olf., 
olfactory  nerve;  par.,  paraphysis;  pi.,  plexus;  pocm.,  post  commissure; 
R.,  divisional  ridge;    st.,  striatum  ;    th.,  thalamus. 

Before  the  eighth  week,  the  following  total  folds  are  recognizable 
(see  Fig.  1)  :   1.  terminal  (at  the  end  of  the  floor  of  the  mesencephal); 
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2.  albicantial;  3.  saccal;  4.  cinereal;  5.  liypophyseal  ;  G.  optic; 
7.  of  the  optic  stalk;  S.  striatal,  caudal;  9.  striatal,  médian;  10.  stri- 
atal,  cephalic;  11.  olfactory,  caudal;  12.  olfactory,  ccf^lialic;  l."5. 
frontal;  14.  hippocampal;  15.  choroidal;  1(5.  paraphyscal  ;  17.  di- 
atelic;  18.  epiphyseal;  10.  habenal;  20.  cpithalamic;  21.  i^ciiicu- 
late;   22.  thalaniic  1;   23.  thalaniic  2. 

Tlieir  appearance  is  approximately  in  the  follovvin<^  order: 

2(1    week,  INIall,  No.  12  (before  neural  plates  close),  the  optic. 

3d    week,  Harvard,  No.  714  (wide  open  neuropore),  all)icantial. 
"        "       Mail,  No.  1()4  (small  neuropore),  cinereal. 
"        "       ]\Iall,  No.  209  (closed  neuropore),  terminal. 
"        "       Mail,  No.  148  (trace   of   neuropore),   striatal   caudal,    ol- 
factory cephalic,  geniculate,  thalaniic  1. 

4th  week,  Cornell,  No.  5  (neuroporic  furrow),  thalaniic  2. 
"        "       Mali,  No.  76,  saccal,  striatal  (cephalic). 
"        "       Harvard,  No.  256,  olfactory  caudal. 

5th  week,  Cornell,  No.  6,  hypophyseal,  striatal  (médian),  hippocam- 
pal, choroidal,  paraphyseal,  diatelic,  epiphyseal,  hal)enal, 
epi  thalaniic. 

Sth  week,  Cornell,  No.  11,  frontal. 

The  following  points  are  especially  to  be  noted  :  1.  The  genicu- 
late and  thalaniic  folds  in  the  earlier  stages  extend  to  the  roof  of  the 
diencephal,  but  later  they  are  thrust  aside  by  the  growing  roof  parts, 
the  habena,  tela,  etc.  2.  The  temporary  prominence  of  two  struc- 
tures wliicli  are  characteristic  of  lower  vertebrates,  the  saccus  of  the 
hypothalaniic  or  infundibular  région  and  the  divisional  ridge  sepa- 
rating  the  thalaniic  froni  the  cpithalamic  or  roof  région.  3.  The  optic 
stalk  is  early  expanded  to  produce  a  sort  of  ell)OW  (Fig.  1,  E).  This 
reaches  its  maximiuii  relative  developnient  in  the  hfth  week,  then 
becomes  less  prominent  but  can  still  be  detected  in  sections  of  the 
adult  by  the  otherwise  unexplained  latéral  curvature  of  certain  optic 
fibers  which  forni  a  distinct  protubérance  at  the  side  of  the  chiasma. 
4.  The  crossings  of  the  fibers  whicli  forni  the  gross  structure  of  the 
chiasma  hâve  several  sources:  (a)  In  the  fourth  week,  non-cellular 
material  extends  from  the  tuber  cinereum  across  the  niiddle  line  and 
in  later  stages  forms  the  caudal  portion  of  the  chiasma.  {b)  In  the 
fifth  week,  a  band  of  non-cellular  material  is  continued  from  the 
retina  on  the  cephalic  part  of  the  elliow  of  the  eye-stalk.  This  ends 
in  a  niass  of  cells,  the  interrupted  tract  seenis  to  be  continued  as  a 
cross  tract  extending  to  the  hypothalamus,  (c)  Crossed  fibers  to  the 
thalamus  appear  in  the  sixth  week,  (d)  P'ibers  extend  to  the  pre- 
geminuni  in  the  eighth  week.  At  this  tinie  ten  bundles  with  différent 
courses  can  be  seen  in  the  chiasma  région.    (See  Figs.  2,  3.) 
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FiGS.  2-3.  —  Diagrams  showing  the  number  and  course  of  tracts  in  the  chiasma 
of  an  eight  weeks  human  embryo,  Cornell  Univ.,  No.  11.  x,  x,  indicates  by 
dotted  Une  a  section  cephalad  of  that  shown  by  the  full  Unes.  Tract  1  unités 
nucleus  a  with  the  opposite  tuber  cinereum;  2,  tuber  cinereum  with  opposite 
optic  tract,  o.  t.;  3,  unités  nuclei  a,  a;  4,  nucleus  a  with  optic  tract  of  same 
side;  5,  unités  the  two  optic  nerves  and  extends  certainly  a  short  distance 
into  each;  6,  optic  nerve  to  nucleus  a  of  same  side;  7,  optic  nerve  to  oppo- 
site optic  tract;  8,  unités  optic  nerve  with  nucleus  b  of  same  side;  9, 
unités  nucleus  c  with  diffuse  cells  of  hypothalamic  région;  10,  unités  nu- 
cleus c  with  latéral  fibers  of  hypothalamus;  o.  t.,  the  great  bundle  of 
fibers  on  the  hypothalamus;  E,  elbow  of  the  optic  stalk  showing  its  cavity 
and  the  cell  nucleus  c  occurring  just  dorsad  of  it. 

5.  Meynert's  bundle  (retroflexus),  Fig.  1,  a  is  found  in  the  sixth 
week  composed  of  several  strands,  one  of  which  extends  across  the 
brain  tube  from  the  habena  to  the  floor  of  the  mesencephal.  6.  The 
principal  tract  of  the  albicans,  Fig.  1,  6,  is  strongly  developed  in  the 
fifth  week,  curves  back  from  the  albicans  to  the  fioor  of  the  mesen- 
cephal. 7.  The  great  connection  between  thalamus  and  striatum  is 
efîected  at  the  sixth  v/eek  by  a  strongly  developed  tract  extending 
cephalo-caudad.  At  the  eighth  week  the  tract  has  a  U-shaped  bend 
owing  to  the  caudal  growth  of  the  striatum.  8.  At  the  eighth  week 
the  habenal  tract  and  its  extension  spreading  over  the  cephalic  end 
of  the  thalamus  is  established.  9.  The  fornix  is  probably  fore- 
shadowed  at  the  eighth  week  by  the  séparation  of  cells  from  the  white 
border  in  the  edge  of  the  hippocamp. 

From  thèse  points,  it  is  seen  that  there  is  strong  confirmatory 
évidence  in  the  spécimens  studied  of  the  continuation  up  to  the 
eighth  week,  of  the  original  segmentai  cavity  of  the  fore-brain,  though 
on  the  latéral  surface  several  of  the  folds  are  obliterated. 

Furthermore,  the  development  proceeds  by  the  extension  of  the 
edge  of  the  neural  plate  and  in  almost  every  case  the  forming  folds 
arise  from  this  région. 
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ON  THE  CHEMICAL  CHARACTER  OF  THE  PROCESS 
OF  FERTILIZATION  AND  ITS  BEARING  UPON  THE 
THEORY  OF  LIFE  PHENOMENA 

(Address) 
JACQUES  LOEB 


There  may  be  a  différence  of  opinion  as  to  whether  or  not  it  will 
ever  be  possible  to  produce  living  matter  from  inanimate;  but  I 
think  we  ail  agrée  that  we  cannot  well  hope  to  succeed  in  making 
living  matter  artificially  unless  we  hâve  a  clear  conception  of  what 
living  matter  is.  Living  organisms  hâve  the  peculiarity  of  developing 
and  reproducing  themselves  automatically,  and  it  is  this  automatic 
character  of  reproduction  and  development  which  differentiates 
them,  for  the  time  being,  from  machines  made  of  inanimate  matter. 
Hence  the  answer  to  the  question  of  what  living  matter  is  will  hâve 
to  be  an  answer  to  the  question  what  détermines  the  phenomena  of 
automatic  development  and  reproduction.  Since  ail  life  phenomena 
are  ultimately  purely  chemical,  the  answer  must  consist  in  pointing 
out  one  or  more  séries  of  défini  te  chemical  reactions,  for  which  it  can 
be  proved  that  they  are  identical  with  the  phenomena  of  development 
and  self-perpetuation.  It  always  seemed  to  me  that  the  natural  start- 
ing  point  for  a  search  after  this  definite  chemical  reaction  or  séries 
of  reactions  was  the  analysis  of  that  process  which  causes  the  resting 
egg  to  develop  into  an  embryo,  namely,  the  process  of  fertilization. 


II 

The  spermatozoon  produces  two  kinds  of  effects  upon  the  egg.  It 
causes  the  egg  to  develop  and  it  transmits  the  paternal  qualities  to  the 
offspring.  We  are  hère  concerned  only  with  the  developmental  effects 
of  the  spermatozoon.  If  the  question  be  raised  as  to  what  is  the  most 
obvions  chemical  reaction  which  the  spermatozoon  causes  in  the  egg, 
the  answer  must  be,  an  enormous  synthesis  of  chromatin  or  nuclear 
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material  from  constituents  of  the  cytoplasm.  After  the  entrance  of 
the  spermatozoôn  the  egg  has  one  nucleus  which  during  segmenta- 
tion is  successively  divided  into  two,  four,  eight,  sixteen,  etc.,  nuclei. 
Boveri  has  shown  that  each  new  nucleus  has  the  same  size  as  the  first 
nucleus  after  fertilization.  It  is  therefore  obvious  that  one,  and,  to 
ail  appearances,  the  foremost  chemical  eftect  of  the  spermatozoôn 
upon  the  egg  is  an  enormous  synthesis  of  nuclear  matter,  and  to  this 
we  must  give  our  attention. 

The  main  mass  of  the  nucleus  consists  of  a  sait,  the  acid  of  which 
is  nucleic  acid,  the  base  a  protein  substance  of  the  type  of  protamins, 
the  synthesis  of  which  has  been  accomplished  by  A.  E.  Taylor,  or 
histones.  The  skeleton  of  the  nucleic  acid  molécule  seems  to  be 
phosphoric  acid,  to  which  are  coupled  at  least  two  chemical  groups, 
namely,  purin  bases  (adenin,  guanin  and  possibly  other  représenta- 
tives of  the  same  group)  and  carbohydrates  —  a  pentose  and  a 
hexose.  The  constitution  of  the  nucleic  acid  may  be  represented  by 
the  following  diagram  by  Burian,  of  which  lie  states,  however,.  that 
it  cannot  be  entirely  correct  since  it  has  forty-one  instead  of  forty 
atoms  of  Carbon  in  the  molécule. 
Thymin-Hexose  — O  — .       /^\  /^\/^  —  Hexose  —  (Cytosin) 

Pentose— O P  P  —  O  —  P  P  —  O  —  Pentose 

Adenin ^    ^O^    a  A^^'^    ^ Guanin 

HO  OHHO  OH 

From  where  does  the  material  for  this  synthesis  of  nucleic  acid 
after  fertilization  come  ?  Our  attention  is  first  called  to  the  phosphoric 
acid.  In  the  case  of  eggs  developing  in  sea-water,  one  might  think  of 
the  possibility  that  thèse  phosphates  are  taken  from  the  sea-water.  I 
hâve  made  experiments  with  artificial  sea-water  from  chemically 
pure  salts  which  contained  no  phosphates.  Eggs  of  the  sea-urchin  ac- 
complish  their  nuclein  synthesis  just  as  fast  in  solutions  free  from 
phosphates  as  in  sea-water.  Since  the  same  is  true  for  eggs  caused  to 
develop  by  chemical  methods,  it  is  obvious  that  the  phosphates  for 
the  synthesis  of  nucleins  are  derived  from  the  egg  itself.  The  same 
is  true  for  the  other  constituents  of  the  nucleus,  since  the  segmenta- 
tion of  the  egg  of  the  sea-urchin  can  proceed  to  the  blastula  and  gas- 
trula  stage  in  a  solution  containing  only  the  chlorides  of  sodium, 
potassium,  calcium  and  magnésium. 

Miescher  found  that  the  amount  of  lecithin  in  the  blood  of  the 
salmon  is  increased  during  the  period  of  the  formation  of  sex  cells, 
and  he  concluded  that  lecithin  is  one  of  the  substances  from  which 
nucleic  acid  is  formed.  The  egg  itself  does  not  seem  to  contain  any 
preformed  nucleic  acid,  according  to  the  investigation  of  Kossel,  in 
the  hen's  egg,  and  of  Tichomirofï  in  the  eggs  of  insects.  Ail  eggs  and 
possibly  ail  embryonic  cells  possess  comparatively  large  quantities 
of  lecithin,  a  fact  to  which  Hoppe  Seyler  has  already  called  attention. 


CHEMICAL    CIIARACTER   OF   FERTILIZATION        261 

The  lecithin  consists  of  two  différent  groups  of  bodies,  one  being 
distearyl  (or  oleyl),  glycero-phosphoric  acid,  the  other  being  cholin. 

^(C„H      0,),. 
CsH^f         '""'      ')C,H,N(CH3)30H. 
^O.PO  OH.O^ 

The  cholin  can  apparently  not  be  utilized  for  the  synthesis  of  nucleins, 
but  the  other  constituent  is  able  not  only  to  furnish  the  phosphoric 
acid  skeleton  of  the  nucleic  acid  molécule,  but  also  the  carbohydrates. 
The  fatty  acid  could  be  rendered  available  for  this  purpose  by  oxida- 
tion,  and  we  shali  see  indeed  that  phenomena  of  oxidation  are  the 
prerequisite  of  the  synthesis  of  nucleins.  If  the  lecithin  of  the  egg  is 
utilized  for  this  synthesis  it  is  obvious  that  the  lecithin  molécule  must 
first  undergo  a  cleavage,  whereby  it  is  freed  from  the  cholin  group. 
The  question  as  to  whether  or  not  lecithin  is  the  source  of  the  phos- 
phates and  possibly  some  other  constituents  of  the  nucleic  acid  group 
cannot  be  decided  until  the  syndiesis  of  the  nucleic  acid  has  been 
accomplished. 

Some  further  data  concerning  the  synthesis  of  nucleic  acid  in  the 
egg  can  be  obtained.  The  fertilized  egg  cannot  develop  or  increase 
the  number  of  its  nuclei  unless  an  ample  supply  of  free  oxygen  is 
)resent.  Twelve  years  ago  I  showed  that  if  ail  the  oxygen  is  with- 
Jrawn  from  the  egg,  no  nuclear,  and  no  cell  division  is  possible,  and 
no  increase  in  its  mass  of  nuclein  occurs.  The  same  efîect  is  accom- 
plished if  we  inhibit  the  oxidations  in  the  egg  through  the  addition  of 
KCN.  The  latter,  or  possibly  the  HCN  formed  by  hydrolytic  disso- 
ciation, inhibit  the  oxidations  in  the  egg.  The  addition  of  2^  ce. 
of  a  1/20  per  cent,  solution  of  KCN  to  50  ce.  of  sea-water  is  sufficient 
to  bring  to  a  complète  standstill  the  effect  of  the  fertilization  in  the 
egg  of  the  sea-urchin,  without  otherwise  injuring  the  egg,  provided 
the  latter  does  not  remain  too  long  in  the  absence  of  oxygen  or  the 
présence  of  KCN.  As  soon  as  oxygen  is  again  admitted  to  the  egg 
which  has  been  deprived  of  it,  the  synthesis  of  nuclein  and  the  seg- 
mentation begin  again;  the  same  occurs  when  the  eggs  are  brought 
back  from  the  cyanide  sea-water  to  normal  sea-water,  provided  they 
are  sufBciently  aired.  It  is  therefore  obvious  that  the  nuclein  synthe- 
sis dépends  absolutely  upon  a  process  of  oxidation, 

By  way  of  digression  I  may  mention  that  this  rôle  of  oxidation  in 
cell  division  should  induce  teachers  of  physiology  to  discontinue  the 
antiquated  statement  that  the  sole  object  of  oxidation  in  living  cells 
is  the  production  of  heat.  Oxidations  occur  in  plants  and  animais 
which  do  not  need  to  keep  up  a  constant  température.  But  in  ail 
thèse  animais  a  synthesis  of  nuclein  and  cell  divisions  occurs. 

We  can  further  show  that  aside  from  the  process  of  oxidation,  still 
other  processes  are  originated  or  accelerated  through  the  entrance 
of  the  spermatozoon  into  the  egg  and  that  thèse  processes  occur  even 


262    VII.    INTERNATIONAL    ZOÔLOGICAL    CONGRESS 

in  the  absence  of  oxygen.  This  follows  from  the  différence  in  the  ré- 
sistance of  the  fertilized  and  the  unfertiUzed  eggs  towards  lack  of 
oxygen.  FertiHzed  eggs  suffer  much  more  quickly  from  lack  of  oxygen 
or  from  KCN  than  unfertiUzed  eggs.  Eggs  were  fertihzed  and  a 
few  minutes  later  put  into  sea-water  free  from  oxygen,  in  which  they 
remained  twenty-four  hours  at  a  température  of  about  15°  C.  No 
segmentation  or  increase  in  nuclei  occurred  in  the  eggs  while  they 
were  without  oxygen.  At  the  end  of  the  twenty-four  hours,  air  was 
admitted  and  segmentation  began;  many  eggs,  however,  segmented 
abnormally  and  none  developed  beyond  the  blastula  stage.  Simul- 
taneously  the  same  experiment  was  made  with  the  unfertiUzed  eggs 
of  the  same  female.  When  after  twenty-four  hours  air  was  admitted 
and  sperm  added,  ail  the  eggs  developed  into  normal  plutei.  The 
same  experiment  can  be  made  more  easily  and  strikingly  by  adding 
KCN  to  the  sea-water.  Thèse  facts  show  that  lack  of  oxygen  or  the 
suppression  of  oxidations  in  the  egg  injures  the  fertilized  egg  much 
more  quickly  than  the  unfertiUzed  egg.  This  becomes  easily  intelligi- 
ble under  the  assumption  that  the  spermatozoon  causes  or  accélérâtes 
still  other  processes  in  the  egg  than  oxidations,  e.  g.,  hydrolyses,  and 
that  the  products  of  thèse  hydrolyses  are  utilized  in  the  processes  of 
oxidation.  If  the  oxidations  do  not  occur  the  products  of  the  hy- 
drolyses accumulate  in  the  egg  or  give  rise  to  further  reactions  not 
compatible  with  the  life  of  the  egg.  It  thus  becomes  compréhensible 
why  the  fertilized  egg  sufîers  much  more  readily  than  the  unfertiUzed 
egg,  which  seems  to  be  able  to  stand  the  influence  of  lack  of  oxygen 
for  several  days,  and  possibly  a  longer  period  of  time.  It  is  of  course 
possible  that  among  the  hydrolyses  occurring  in  the  fertilized  egg  might 
be  those  of  lecithin. 


III 

Our  présent  knowledge  of  the  chemical  structure  of  the  spermato- 
zoon does  not  enable  us  to  state  why  the  entrance  of  the  spermatozoon 
into  the  egg  should  cause  its  development.  That  part  of  the  spermato- 
zoon which  prevails  by  its  mass  is  its  head,  which  seems  to  hâve  essen- 
tially  the  same  chemical  composition  as  the  egg  nucleus  or  any  other 
cell  nucleus.  The  tail  of  the  spermatozoon  is  cytoplasm  which  is  at 
présent  not  characterized  by  anything  spécial  except  a  relatively  large 
amount  of  lecithin  and  fat.  If  we  wish  to  gain  any  further  insight 
into  the  nature  of  the  process  of  fertilization  we  must  turn  to  those 
experiments  in  which  the  action  of  the  spermatozoon  on  the  egg  can 
be  imitated  more  or  less  completely  by  well-known  chemical  agencies. 
The  data  on  heterogeneous  hybridization  seem  to  indicate  that  the 
substances  which  cause  the  egg  to  develop  must  be  identical  or  closely 
related  in  widely  différent  forms,  otherwise  we  could  not  understand 
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why  the  sperm  of  varions  starfîsh,  of  the  brittle  star,  the  crinoids,  and, 
according  to  Kupelwieser,  even  of  molliisks,  should  be  able  to  fertilize 
the  egg  of  the  sea-urchin.  It  ahnost  looks  as  if  the  only  hmitation  to 
heterogeneous  hybridization  were  the  fact  that  for  some  reason  the 
spermatozoon  is  not  able  to  enter  into  the  egg  of  a  widely  différent 
family.  This  may  explain  why  it  is  often  necessary  to  change  the 
constitution  of  the  sea-water,  for  example,  to  raise  its  alkalinity,  in 
order  to  enable  the  spermatozoon  to  enter  the  foreign  egg.  It  follows 
from  this  fact  that  we  can  draw  conclusions  upon  the  nature  of  the 
process  of  fertilization  only  from  such  methods  of  artificial  partheno- 
genesis  as  are  of  a  more  gênerai  application. 

We  shall  begin  our  discussion  with  a  considération  of  the  methods 
of  artificial  parthenogenesis  in  the  sea-urchin,  since  they  hâve  been 
most  thoroughly  investigated  in  this  form.  The  first  method  by  which 
larvœ  were  produced  from  the  unfertilized  egg  of  the  sea-urchin  con- 
sisted  in  treating  the  eggs  with  sea-water  whose  osmotic  pressure  had 
been  raised  about  50  per  cent.  The  method  consisted  simply  in  put- 
ting  the  unfertilized  eggs  for  about  two  hours  at  a  température  of  about 
20°  C.  into  a  mixture  of  50  ce.  sea-water  plus  7^  ce.  2t^-  N  NaCl  and 
then  transferring  them  to  normal  sea-water.  This  method,  which 
gave  comparatively  constant  and  good  results  on  Arbacia  at  Woods 
Hole,  gave  unreliable  results  in  a  form  of  sea-urchin  common  at 
Pacific  Grove,  Strongylocentrohis  purpuratus.  Neither  were  the  re- 
sults obtained  with  this  method,  on  the  shore  of  France  and  at  Naples, 
very  satisfactory,  according  to  reports  by  Giard,  Herbst  and  others; 
while  E.  B.  Wilson  obtained  good  results  with  this  method  on  Toxop- 
neustes  at  Beaufort,  North  Carolina.  W^henever  we  notice  such  an 
inconstancy  of  results  by  a  definite  method  it  is  probable  that  some 
essential  variable  of  the  experiment  lias  been  overlooked.  It  seemed 
difficult  to  suggest  what  this  variable  might  be.  But  there  was  another 
chance  of  overcoming  this  block.  I  had  noticed  in  my  first  experi- 
ments  that  the  unfertilized  eggs  which  had  been  caused  to  develop 
by  the  treatment  with  hypertonic  sea-water  difîered  typically  in  the 
form  of  their  development  from  the  eggs  fertilized  by  sperm.  This 
fact  was  at  first  welcome  since  it  disposed  of  the  gênerai  objection 
that  my  results  were  due  to  an  infection  by  sperm.  The  main  différ- 
ences were  the  following:  the  egg  fertilized  by  sperm  forms  immedi- 
ately  after  the  entrance  of  the  spermatozoon  a  fertilization  membrane, 
while  in  the  egg  caused  to  develop  by  the  osmotic  treatment  no  mem- 
brane was  formed,  It  was  also  found  that  a  segmentation  and  de- 
velopment of  the  egg  occurred  more  rapidly  and  more  regularly  in  the 
fertilized  egg  than  in  the  egg  treated  osmotically.  Thèse  and  other 
différences  led  to  the  idea  that  the  treatment  of  the  egg  with  hyper- 
tonic sea-water  initiated  only  certain,  but  not  ail  of  the  developmental 
effects  of  the  spermatozoon.  It  therefore  seemed  to  be  necessary  to 
fînd  a  second  agency  which  in  combination  with  the  osmotic  treat- 
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ment  would  allow  a  more  complète  imitation  of  the  effects  of  the 
spermatozoon.  In  the  pursuit  of  this  idea  it  was  found  that  if  the  un- 
fertihzed  eggs  of  the  Cahfornian  sea-urchin,  Strongylocentrotus  pur- 
puratus,  are  treated  for  some  minutes  with  sea-water  to  which  a  small 
but  definite  amount  of  a  monobasic  fatty  acid  (or  any  acid  with  only 
one  carboxyl  group),  was  added,  they  will  form  a  typical  membrane 
of  fertihzation  after  being  transferred  to  normal  sea-water.  If  thèse 
eggs  are  subsequently  treated  for  from  30  to  50  minutes  with  hyper- 
tonic  sea-water  (50  c.c.  sea-water  plus  8  ce.  2^  N  NaCl)  at  a  tempéra- 
ture of  15°  C,  practically  ail  the  eggs  will  develop  into  larvœ,  provided 
the  time  of  exposure  to  the  hypertonic  sea-water  is  correctly  chosen. 
In  a  part  of  thèse  eggs  the  segmentation  occurred  in  a  perfectly  normal 
way  and  thèse  eggs  developed  into  normal  plutei.  If  the  eggs  are 
treated  with  only  one  of  the  two  agencies,  the  fatty  acid  or  the  hyper- 
tonic sea-water  (for  from  30  to  50  minutes)  no  egg  develops.  The 
calling  forth  of  the  membrane  formation  alone  leads,  at  room  tem- 
pérature, to  the  formation  of  the  first  nuclear  spindle  and  division,  and 
then  soon  to  a  rapid  disintegration  of  the  egg.  The  experiment  can 
also  be  made  in  the  reverse  order,  namely,  the  eggs  can  first  be  treated 
with  the  hypertonic  sea-water  and  then  be  submitted  to  the  treatment 
with  fatty  acid.  If  this  order  is  adopted  the  eggs  must  be  exposed  to 
the  hypertonic  solution  much  longer  than  in  the  other  case,  namely, 
for  from  1|^  to  2  hours.  This  différence  in  the  duration  of  exposure 
is  due  to  the  fact  that  the  process  of  membrane  formation  leads  to  an 
accélération  of  certain  chemical  reactions  in  the  egg,  whereby  the 
hypertonic  sea-water  can  accomplish  its  effects  more  quickly  than  if  it 
is  applied  to  an  intact  egg.  The  superiority  of  this  new  method  of 
artificial  parthenogenesis  over  the  old  one  is  very  striking  in  the  eggs 
of  Strongylocentrotus.  It  happened  often  enough  that  the  old,  pureïy 
osmotic  method  of  artificial  parthenogenesis  led  to  the  formation  of 
none  or  a  small  percentage  of  larvœ,  while  the  new  method  of  combin- 
ing  the  fatty  acid  treatment  with  the  osmotic  treatment  led  to  the  de- 
velopment  of  the  majority  or  practically  ail  the  eggs  of  the  same 
female. 

It  could  be  shown  that  in  this  method  we  are  not  dealing  with  the 
direct  effect  of  the  fatty  acid  upon  the  egg,  but  with  the  effect  of  the 
membrane  formation  caused  by  the  fatty  acid.  To  cause  the  mem- 
brane formation  it  was  necessary  to  put  the  unfertilized  eggs  at  15° 
C.  for  from  1^  to  2^  minutes  into  a  mixture  of  50  c.c.  sea-water  plus 
2.8  c.c.  iV/10  butyric  acid  (or  any  other  monobasic  fatty  acid).  If  the 
eggs  were  taken  a  little  too  early  from  the  solution,  after  about  eighty 
seconds,  only  part  of  the  eggs  formed  membranes  after  being  trans- 
ferred to  normal  sea-water.  If  thèse  eggs  were  afterwards  treated  for 
from  30  to  50  minutes  with  hypertonic  sea-water,  only  those  eggs  de- 
veloped into  larvœ  which  had  formed  the  membrane.  A  further  proof 
lies  in  the  following  data.    In  1887  O.  and  11.  Hertwig  published  the 
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fact  that  if  chloroform  is  dissolved  in  sea-water  the  sea-urchin  eggs 
may  form  membranes  in  such  sea-water,  and  Herbst  showed  in  1893 
that  benzol,  toluol,  xylol,  act  in  the  same  way.  I  suspected  that  ail 
fat  sol  vents  hâve  the  same  effect,  and  an  experiment  witli  amylen 
confirmed  this  expectation.  If  the  membrane  formation  is  called 
forth  in  the  egg  of  Strongylocentrotus  purpuratus  with  any  of  thèse  fat 
solvents  and  the  eggs  are  afterwards  treated  for  from  30  to  50  minutes 
with  hypertonic  sea-water  they  will  develop  into  larvœ.  It  is,  how- 
ever,  important  to  realize  that  thèse  fat  solvents  cause  cytolysis  of  the 
eggs  unless  the  latter  are  transferred  very  rapidly  to  normal  sea- 
water.  On  account  of  this  cytolytic  efïect  it  is  préférable  for  practical 
purposes  to  cause  the  membrane  formation  by  a  fatty  acid. 

It  is  therefore  obvious  that  we  are  now  in  possession  of  a  method 
which  allows  us  to  imitate  more  completely  the  efîects  of  the  spermato- 
zoon  than  the  previous  purely  osmotic  method.  My  attention  was 
again  directed  towards  the  fact  that  the  purely  osmotic  method  gave 
unreliable  results  with  the  eggs  of  the  Californian  Strongylocentrotus, 
while  it  gave  better  results  with  the  eggs  of  the  eastern  Arbacia.  Ex- 
periments  on  the  efïect  of  the  alkalinity  of  the  sea-water  upon  seg- 
mentation indicated  that  the  sea-water  in  the  laboratory  at  Woods 
Hole  is  considerably  more  alkaline  than  that  used  by  me  in  Pacific 
Grove.  It  occurred  to  me  whether  this  différence  might  hâve  some- 
thing  to  do  with  the  différence  in  the  resuit  of  the  osmotic  method 
in  both  places.  This  suggestion  proved  correct.  It  was  found  that  a 
neutral  hypertonic  solution  with  a  concentration  of  hydroxyl  ions  of 
10"^  or  10"^  normal,  as  a  rule  does  not  cause  the  development  of  the 
unfertilized  egg  of  Strongylocentrotus,  no  matter  how  high  the  osmotic 
pressure  is;  but  that  with  a  sufïiciently  high  concentration  of  hy- 
droxyl ions  a  comparatively  small  increase  in  the  osmotic  pressure  of 
the  sea-water  is  sufïicient  to  cause  the  unfertilized  eggs  of  Strongylo- 
centrotus to  develop  into  larvée.  It  was,  moreover,  found  that  the 
minimal  concentration  of  hydroxyl  ions  in  the  hypertonic  solution 
necessary  to  call  forth  the  development  of  unfertilized  eggs  dift'ers 
considerably  for  the  eggs  of  différent  females.  For  the  eggs  of  some 
females  this  minimal  concentration  was  as  low  as  that  found  in  the 
sea-water  at  Pacific  Grove,  namely,  between  10"®  and  10"^  normal,  but 
as  a  rule  a  higher  concentration  of  hydroxyl  ions  Was  required.  It  is 
possible  to  obtain  good  and  constant  results  with  the  purely  osmotic 
method  in  Strongylocentrotus  if  only  the  concentration  of  the  hydroxyl 
ions  in  the  hypertonic  solution  is  sufïiciently  raised  through  the  addi- 
tion of  NaHO.  In  cases  in  which  the  eggs  of  Strongylocentrotus  will 
not  develop  into  larvse  when  put  for  about  two  hours  at  15°  C.  into  a 
mixture  of  50  ce.  sea-water  plus  8  ce.  2^  N  NaCl  they  will  develop 
when  about  1.5  ce  iV/10  NaHO  is  added  to  this  solution. 

The  apparently  purely  osmotic  method,  therefore,  turns  out  to  be 
composed  of  two  agencies,  one  being  the  increased  osmotic  pressure 
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of  the  solution,  and  the  other  the  concentration  of  the  hydroxyl  ions. 
It  could  be  shown  that  thèse  two  agencies  can  with  good  results  be 
applied  separately,  and  that  therefore  there  exists  a  far-reaching 
analogy  between  the  efïects  of  the  alkaU  in  thèse  experiments  and  the 
fatty  acid  in  the  experiments  previously  mentioned.  If  the  unfertilized 
eggs  of  Strongylocentrotus  are  first  put  for  two  hours  into  a  mixture 
of  50  ce.  of  a  neutral  van't  Hofï  sohition  isotonic  with  sea-water  plus 
i  or  1  ce.  N/10  NaHO  and  then  for  from  30  to  50  minutes  into  hy- 
pertonic  sea-water  (50  ce  sea-water  plus  8  ce  2^  N  NaCl)  many 
eggs  or  the  majority  will  develop  into  larvœ.  If  the  eggs  are  treated 
v/ith  the  alkaline  solution  alone,  without  being  subsequently  treated 
with  hypertonic  sea-water,  they  will  not  develop.  The  treatment  of 
the  eggs  for  from  two  to  three  hours  with  NaOH  acts,  therefore,  in  a 
way  similar  to  the  treatment  of  the  same  eggs  for  about  two  minutes 
with  a  solution  of  the  fatty  acid  of  the  same  concentration.  The  anal- 
ogy shows  itself  also  in  that  with  this  method  of  combining  the  efïects 
of  alkali  and  hypertonic  sea-water  those  eggs  which  develop  into 
larvœ  form  often,  if  not  always,  a  membrane.  This  membrane  is  not 
quite  as  distinct  as  the  fatty-acid  membrane  for  the  reason  that  it  sur- 
rounds the  cytoplasm  more  closely.  This  membrane  formation  does 
not  occur  or  does  as  a  rule  not  become  manifest  until  the  eggs  are 
returned  from  the  hypertonic  to  the  normal  sea-water.  If  the  order 
of  events  is  reversed  and  the  eggs  are  first  put  into  the  hypertonic 
sea-water  and  afterwards  into  the  hyperalkaline  solution,  they  must 
remain  longer  in  the  hypertonic  sea-water,  namely,  for  from  1^  to  2 
hours;  this  also  corresponds  to  the  expérience  with  the  fatty-acid 
treatment. 

We  therefore  possess  two  parallel  methods  by  which  we  can  imi- 
tate  the  fertilizing  efïects  of  the  spermatozoon  upon  the  egg  of  Strongy- 
locentrotus, namely,  we  treat  the  unfertilized  egg  from  1  to  2  minutes 
with  a  solution  of  fatty  acid  (50  ce  M/2  van't  Hofï  solution  plus  0.7 
ce  iV/10  butyric  acid)  or  for  from  2  to  3  hours  with  an  équivalent 
alkaline  solution  (50  ce  M/2  van't  Hofï  solution  plus  0.7  ce  iV/10 
NaHO)  and  afterwards  for  from  30  to  50  minutes  with  hypertonic 
sea-water  (température  =  15°  C).  The  treatment  of  the  eggs  with 
fatty  acid  or  alkali  can  be  replaced  by  a  treatment  with  a  fat  solvent. 
Fatty  acids,  alkalis  and  fat  solvents  ail  act  in  the  same  way,  namely, 
by  causing  those  changes  in  the  egg  which  resuit  in  the  process  of  a 
membrane  formation. 


IV 

I  hâve  not  yet  had  time  to  apply  thèse  results  to  the  eggs  of  many 
other  forms,  but  I  believe  from  what  I  hâve  seen  that  we  are  now  in 
possession  of  at  least  some  of  the  gênerai  methods  and  principles  of 
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artificial  parthenogenesis.  It  seems  that  in  gênerai  the  treatment  of 
the  eggs  with  alkalis  and  acids,  sometimes  with,  sometimes  without 
subséquent  treatment  with  hypertonic  sea-water,  causes  the  develop- 
ment  of  unfertiHzed  eggs. 

The  unfertiHzed  eggs  of  Polynoë,  a  marine  annehd,  can  develop 
into  larvœ  if  they  are  permanently  put  into  hyperalkahne  sea-water, 
e.  g.,  50  ce.  sea-water  phis  1.5  c.c.  )i/10  NaHO.  It  is  well  to  keep  the 
eggs  for  this  experiment  in  shallow  watchglasses  which  are  loosely 
covered  with  glass  plates;  in  this  case  the  oxygen  of  the  air  diffuses 
more  readily  to  the  eggs,  than  if  they  are  kept  in  dishes  with  a  deep 
layer  of  Uquid  above  them.  Thèse  eggs  of  Polynoë  are  immature 
when  taken  from  the  ovary  and  do  not  become  mature  in  ordinary 
sea-water  unless  they  are  fertilized  by  a  spermatozoon.  They  become, 
however,  mature  without  the  aid  of  sperm,  when  kept  for  some  hours 
in  hyperalkahne  sea-water.  They  form  a  membrane  and  throw  out 
the  polar  bodies.  If  we  wait  until  this  occurs  and  then  transfer  the 
eggs  for  from  2  to  3  hours  at  15°  C.  into  hypertonic  sea-water  (50  c.c 
sea-water  plus  8  c.c.  2^n  NaCl)  and  after  this  time  bring  the  eggs 
back  into  normal  sea-water  they  develop  more  quickly  and  more  eggs 
segment  than  if  they  remain  permanently  in  the  hyperalkahne  sea- 
water  without  any  treatment  with  hypertonic  sea-water. 

Three  years  ago  I  had  found  that  a  small  number  of  the  eggs  of 
mollusks,  Lottia  gigantea,  and  varions  forms  of  Acmœa,  can  be  caused 
to  develop  if  put  for  2  hours  into  hypertonic  sea-water.  I  hâve  con- 
vinced  myself  this  year  that  no  development  occurs  if  they  are  treated 
with  a  neutral  hypertonic  solution;  that,  however,  if  the  alkalinity  ôf 
the  hypertonic  solution  is  raised  sufïîciently  high  by  the  addition  of 
NaHO  many,  if  not  practically  ail,  the  eggs  of  Lottia  can  be  caused  to 
develop  into  larvse.  In  thèse  experiments  it  was  also  noticed  that  the 
concentration  of  the  HO  ions  in  the  hypertonic  solution  necessary 
for  the  production  of  larvœ  from  the  unfertiHzed  eggs  differed  con- 
siderably  for  the  eggs  of  différent  females. 

I  hâve  convinced  myself  also  that  the  unfertiHzed  eggs  of  Sipuncu- 
lus  can  be  caused  to  develop  into  larvœ  by  putting  them  permanently 
into  a  solution  with  a  comparatively  high  concentration  of  HO  ions. 

As  far  as  the  production  of  larvse  from  unfertiHzed  eggs  with  the 
aid  of  àcids  is  concerned,  we  may  mention  the  eggs  of  starfish,  which 
can  be  caused  to  develop  with  the  aid  not  only  of  the  acids  containing 
one  carboxyl  group,  but  apparently  with  the  aid  of  ail  acids.  They 
differ  in  this  respect  from  the  eggs  of  the  sea-urchin.  It  is  possible 
that  the  acids  with  one  carboxyl  group  act  also  better  in  the  case  of 
the  starfish  egg  than  the  other  acids;  and  this  might  explain  why 
Delage  obtained  better  results  with  CO2  than  with  other  acids,  al- 
though  according  to  my  own  expérience  the  results  with  the  other  acids 
are  much  more  satisfactory  than  those  of  Delage. 

For  the  eggs  of  the  starfish  the  acid  treatment  sufBces,  and  no 
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further  treatment  with  hypertonic  sea-water  is  required.  In  the  egg 
of  one  form  of  starfish,  namely,  Asterina,  the  spermatozoon  causes  a 
membrane  formation  which  is  just  as  distinct  as  in  the  sea-urchin 
egg.  The  membrane  formation  can  be  induced  in  Asterina  by  exactly 
the  same  methods  as  in  the  sea-urchin  egg,  namely,  a  treatment  with 
a  fat  solvent  (benzol,  or  amylen)  or  a  fatty  acid.  In  thèse  eggs  the 
production  of  the  membrane  is  sufîicient  to  cause  the  development 
into  normal  larvée  at  least  of  a  number  of  eggs  and  an  after-treatment 
with  hypertonic  sea-water  is  not  required.  The  starfish  eggs  difîer 
also  from  the  sea-urchin  eggs  in  the  former  having  a  tendency  to  de- 
velop  spontaneously  if  left  in  sea-water,  although  the  number  of  eggs 
developing  in  this  way  is,  as  a  rule,  very  small.  This  development 
may  be  due  to  the  action  of  the  HO  ions  in  the  sea-water,  or  the  action 
of  an  acid,  e.  g.,  CO2,  formed  in  the  egg  itself.  In  Asterina  it  can  also 
be  noticed  that  if  eggs  remain  in  sea-water  occasionally  some  of  them 
form  a  membrane  spontaneously,  possibly  also  through  the  influence 
of  the  HO  ions  of  the  sea-water  or  an  acid  formed  in  the  egg. 

In  the  eggs  of  Thalassema  melliia,  a  marine  worm,  Lefevre  has 
produced  membrane  formation  and  normal  segmentation  by  treating 
them  with  acid.  The  eggs  of  this  form  are  immature  when  removed 
from  the  ovary,  and  the  entrance  of  the  spermatozoon  causes  them 
to  form  a  membrane,  to  throw  out  their  polar  bodies,  and  to  segment 
and  develop.  Lefevre  found  that  by  treating  the  unfertilized  eggs 
with  any  acid,  HCl,  NHO3,  oxalic,  acetic  acid,  COj,  he  could  cause  the 
membrane  formation,  maturation,  normal  segmentation,  and  the 
formation  of  normal  larvse  in  a  large  percentage  of  the  eggs.  In  order 
to  produce  thèse  results  he  put  the  eggs  for  about  five  minutes  into  a 
mixture  of  85  ce.  sea-water  plus  15  ce.  A^/10  acetic  acid. 


V 

Thèse  and  similar  facts  may  serve  us  as  a  basis  for  the  further 
analysis  of  the  nature  of  the  process  of  fertilization. 

If  we  call  forth  the  membrane  formation  in  the  unfertilized  egg 
of  Strougylocentrotus  purpiirafus,  either  by  treating  it  with  benzol  or 
with  a  fatty  acid  or  with  alkali,  the  same  processes  take  place  at  first 
as  in  the  case  of  the  entrance  of  a  spermatozoon  ;  af  ter  some  hours  a 
normal  nuclear  spindle  is  formed  and  the  nucleus  divides  regularly 
into  two  nuclei.  This  shows  that  the  synthesis  of  nuclein  salts  is 
started  by  the  membrane  formation.  If  the  température  is  very  low 
(from  2°  to  5°  C.)  the  segmentation  continues  slowly  but  regularly  and 
a  few  normal  blastulse  may  be  obtained.  At  a  température  of  15°  or 
more  the  development  does  not  go  beyond  the  formation  of  the  first 
nuclear  spindle  or  nuclear  division  ;  soon  after  this  the  egg  begins  to 
disintegrate  in  a  characteristic  way.    If,  however,  the  egg  is  put  after 
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the  membrane  formation  for  from  30  to  50  minutes  (at  15°  C.)  into 
hypertonic  sea-water,  ail  the  eggs  remain  alive  and  develop,  provided 
the  time  of  exposure  is  chosen  correctly  ;  and  in  a  number  of  thèse  eggs 
segmentation  and  development  occur  in  a  normal  way.  Il  is  therefore 
obvions  that  the  calliiig  forth  of  the  membraiie  formation  in  the  egg 
starts  the  nuclein  synthesis  and  the  other  processes  of  development,  but 
that  the  chemical  processes  do  not  occur  propcrly.  Through  the  subsé- 
quent treatment  of  such  eggs  with  hypertonic  sea-water  thèse  processes 
are  carried  back  into  the  proper  channels.  In  some  forms,  e.  g., 
Thalassema  and  Asterina,  the  calling  forth  of  the  process  of  mem- 
brane formation  obviously  suffices  to  start  the  chemical  processes  in 
the  egg  in  the  right  channels  and  no  after-treatment  with  hypertonic 
sea-water  is  required.  Our  understanding  of  the  developmental 
efîects  of  the  spermatozoôn  therefore  dépends  upon  the  answer  to  the 
three  folio wing  questions  :  (1)  What  is  the  physico-chemical  character 
of  the  process  of  membrane  formation  whereby  this  process  is  able  to 
start  the  development  of  the  egg  ?  (2)  Why  does  it  start  this  develop- 
ment in  some  forms,  e.  g.,  Strongylocentrotus  purpuratus,  in  the  wrong 
channels?  (3)  In  which  way  does  the  treatment  of  such  eggs  with 
hypertonic  solution  carry  the  development  back  into  the  proper 
channels  ?    We  shall  try  to  answer  thèse  three  questions  in  turn. 

As  far  as  the  physico-chemical  character  of  the  process  of  mem- 
brane formation  in  Strongylocentrotus  is  concerned,  we  hâve  seen 
that  it  can  be  produced  by  very  différent  means  in  the  sea-urchin; 
first,  by  fat  solvents,  e.  g.,  benzol,  toluol,  amylen,  etc.  Since  I  had 
formerly  expressed  the  suggestion  that  the  process  of  membrane 
formation  might  be  due  to  a  coagulation  and  since  it  might  be  argued 
that  the  above-mentioned  agencies  might  also  hâve  a  slight  coagulat- 
ing  efîect,  it  was  of  importance  to  make  certain  whether  they  really 
act  only  through  their  fat-dissolving  power.  Benzol  has  a  high  fat- 
dissolving  power  and  an  extremely  slight  coagulating  effect  on  pro- 
teins. Phénol,  on  the  contrary,  lias  a  much  smaller  fat-dissolving 
power  but  a  very  great  coagulating  efîect.  If  the  process  of  mem- 
brane formation  were  due  to  a  coagulating  efîect  of  thèse  agencies, 
phénol  should  act  much  more  powerfully  in  the  membrane  produc- 
tion than  benzol;  if,  however,  thèse  média  act  through  their  fat  dis- 
solving  power,  the  reverse  should  hold.  Benzol  is  practically  insoluble 
in  sea-water.  For  the  purpose  of  the  membrane  formation  about  2 
drops  of  benzol  were  put  into  50  ce.  of  sea-water  and  the  mixture 
shaken.  In  order  to  increase  the  solubility  of  the  benzol  in  the  sea- 
water  the  latter  was  heated  slightly.  The  shaking  caused  an  emul- 
sion,  but  only  a  trace  of  the  few  drops  of  benzol  went  into  solution; 
yet  this  caused  the  membrane  formation  instantly  in  the  eggs  of  the 
sea-urchin.  On  the  other  hand,  phénol  is  very  soluble  in  sea-water. 
It  was  necessary  to  add  6  ce.  m/2  phénol  (Kahlbaum)  to  50  ce  sea- 
water  to  produce  the  membrane  formation.     Moreover,  although 
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toluol  has  been  used  extensively  in  experiments  on  protein  solutions, 
no  author  has  ever  noticed  a  coagulating  effect.  Yet  it  is  just  as  effec- 
tive as  benzol  for  the  production  of  the  fertilization  membrane.  I 
think  there  can  be  no  doubt  that  we  are  dealing  with  an  action  of 
benzol,  amylen,  toluol,  on  the  solution  of  fatty  compounds  and  not 
on  coagulation. 

The  second  agency  for  the  membrane  formation  is  a  treatment  of 
the  eggs  with  alkali.  The  saponifying  action  of  alkalis  upon  fat  is 
too  well  known  to  require  any  further  discussion. 

The  action  of  acids,  however,  is  very  peculiar  and  interesting.  As 
already  stated,  only  such  acids  as  contain  one  (but  not  more)  carboxyl 
group  produce  the  membrane  formation  in  Strongylocentrotus  pur- 
furatus.  HCl,  HNO3,  HjSO^,  NaHoPO^,  and  dibasic  or  tribasic 
organic  acids,  e.  g.,  oxalic,  succinic,  citric  acids,  etc.,  were  practically 
inefïective.  This  shows  that  the  effect  of  the  fatty  acids  cannot  be 
due  to  the  hydrogen  ion;  the  hydrogen  ion  inhibits  the  process  of 
membrane  formation,  as  can  be  shown  by  the  fact  that  the  membrane 
cannot  be  formed  as  long  as  the  egg  is  in  the  acidulated  sea-water, 
but  only  after  it  has  been  transferred  back  to  normal  sea-water. 
IMoreover,  it  can  be  shown  that  the  ineffectiveness  of  such  acids  as 
HCl,  HNO3,  etc.,  is  not  due  to  a  secondary  injurions  effect  upon  the 
eggs,  for  an  effective  solution  of  butyric  acid  remains  just  as  effective 
if  we  add  to  it  the  équivalent  amount  of  hydrochloric  acid.  We  are 
obviously  dealing  hère  with  a  spécifie  action  of  one  group  of  acids, 
namely,  of  those  which  contain  one  carboxyl  group.  Some  of  thèse 
acids,  e.  g.,  acetic,  are  well-known  fat  solvents.  Pflueger  pointed 
ont  long  ago  the  fat-dissolving  action  of  oleic  acid.  AU  of  thèse  mono- 
basic  fatty  acids  are  more  soluble  in  fat  than  the  other  acids.  It  is 
therefore  possible  that  thèse  acids  act  as  fat  solvents  and  that  it  is  due 
to  this  action  that  they  cause  the  membrane  formation. 

But  why  should  the  membrane  formation  in  the  egg  be  connected 
with  the  process  of  fat  solution  ?  Several  years  ago  I  showed  that  the 
process  of  membrane  formation  in  the  egg  is  a  transition  stage  in 
such  cases  of  cytolysis  of  the  egg,  whereby  the  latter  is  transformed 
into  a  shadow.  If  we  treat  eggs  with  benzol  or  amylen  they  form  a 
membrane  and  are  a  few  seconds  later  transformed  into  shadows. 
The  treatment  of  the  unfertilized  eggs  with  alkali  also  transforms  them 
rapidly  into  shadows  if  the  solution  is  free  from  Ca  or  Mg.  In  this 
process  also  a  membrane  is  formed.  The  treatment  of  the  eggs  with  a 
fatty  acid  does  not  cause  cytolysis,  but  this  is  due  to  the  inhibiting 
action  of  the  H  ions.  Through  the  addition  of  acid  to  sea-water  the 
cytolytic  action  of  fat  solvents  like  benzol  is  also  inhibited.  We  can 
also  produce  cytolysis  by  treating  the  eggs  with  hypertonic  sea-water 
of  a  very  high  osmotic  pressure,  e.  g.,  \^  io  2  m.,  or  with  very  dilute 
sea-water;  in  both  cases  the  process  of  membrane  formation  is  a 
transitional  stage  in  the  cytolysis. 
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Experiments  on  cytolysis  in  red  blood  corpii scies  scem  ta  show 
that  the  mechanisni  of  this  process  is  the  destruction  ot"  the  membrane 
of  the  red  corpuscles  chiefly  by  hpolysis.  Koe])pe  assumes  (as  is 
generally  agreed)  that  the  surface  of  the  red  blood  corpuscle  consists 
of  a  lipoid  film  which  is  liquefied,  saponified,  or  otherwise  d(\stroyed, 
in  cytolysis.  I  believe  that  the  sanie  is  true  for  the  cytolysis  of  the 
egg,  with  this  différence  only,  that  in  the  egg  it  is  not  the  most  super- 
ficial  film  which  is  liquefied,  but  the  laver  underneath  it.  'f'he  sur- 
face film  is  preserved  in  this  process;  it  is  at  first  quite  thin  and 
invisible,  but  very  soon  becomes  visible,  possibly  through  an  imbibi- 
tion  with  water  which  causes  it  to  swell. 

The  process  of  membrane  formation,  according  to  thèse  facts, 
seems  to  be  due  to  a  solution  of  the  fatty  layer  underneath  the  surface 
film  of  the  egg.  This  fatty  layer  forms  together  with  the  surface  film 
a  solid  shell  around  the  unfertilized  egg.  x\s  soon  as  the  fatty  layer 
under  the  surface  film  is  liquefied,  water  is  squeezed  ont  from  the 
cytoplasm  and  forms  a  layer  between  this  and  the  outside  film  which 
in  the  meanwhile  lias  become  toughened.  But  how  could  this  process 
of  fat  solution  and  possibly  lipolysis  be  connected  with  the  synthesis 
of  nucleins  ?  We  cannot  answer  this  question  except  by  mentioning 
the  possibility,  that  the  lecithins  may  be  involved  in  the  liquéfaction 
and  hydrolysis  of  the  surface  layer  of  the  egg. 

The  second  question  raised  by  us  was:  Why  does  the  process  of 
nuclein  synthesis  come  to  a  standstill  so  soon  after  the  membrane 
formation  (unless  the  egg  is  treated  with  hypertonic  sea-water)  and 
why  does  the  egg  disintegrate  so  rapidly  in  this  case  ?  To  this  fjuestion 
we  are  able  to  give  a  pretty  definite  answer.  We  stated  in  the  be- 
ginning  of  this  paper  that  processes  of  oxidation  are  the  comUtio  sine 
qua  non  of  nuclein  synthesis  and  development  in  the  fertilized  egg. 
The  nuclein  synthesis  and  the  segmentation  of  the  nucleus  and  the 
cytopîasm  after  the  artificial  membrane  formation  also  dépend  upon 
oxidations  and  do  not  occur  in  the  absence  of  O  or  the  présence  of 
KCN.  It  can  be  shown  that  the  disintegration  of  the  eggs  does  not 
occur  if  the  eggs  are  put  after  the  membrane  formation  into  an  at- 
mosphère of  pure  hydrogen,  or  if  the  oxidations  are  suppressed  in  the 
egg  by  the  addition  of  a  trace  of  KCN.  Eggs  which  after  the  mem- 
brane formation  are  thus  treated  remain  intact  and  can  be  caused 
to  develop  if  after  a  number  of  hours  they  are  treated  with  hypertonic 
sea-water,  while  at  this  time  the  eggs  of  the  same  experiment  which 
had  remained  in  normal  sea-water  are  already  disintegrating.  We 
must  therefore  conclude  that  the  artificial  membrane  formation 
causes  or  allows  the  oxidations  underlying  the  synthesis  of  the  nucleins, 
but  that  thèse  oxidations  do  not  occur  in  the  right  direction  ;  and  that 
thèse  faulty  oxidations  are  the  cause  of  the  rapid  disintegrations  of 
such  eggs.  This  disintegration  occurs  the  sooner  the  higher  the 
température. 
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This  conception  receives  support  through  the  experiments  intended 
to  give  an  answer  to  the  third  question,  namely,  how  it  happens  that 
eggs  which  after  the  artificial  membrane  formation  are  treated  for 
from  30  to  50  minutes  with  hypertonic  sea-water  develop  normally. 
It  was  found  in  ail  experiments  that  a  hypertonic  solution  acts  in  this 
way  only  if  it  contains  free  oxygen.  If  we  substitute  for  the  air  pure 
hydrogen  or  if  we  add  to  the  hypertonic  solution  a  small  amount  of 
KCN  this  effect  is  not  produced.  If  the  eggs  possessing  membranes 
are  brought  back  from  the  hypertonic  solution  free  from  oxygen  or 
containing  KCN  into  normal  sea-water,  they  disintegrate  in  the  same 
way  as  if  they  had  not  been  treated  with  the  hypertonic  solution;  if 
the  same  eggs  are  put  after  the  treatment  with  hypertonic  sea-water 
free  from  oxygen  for  from  30  to  50  minutes  into  hypertonic  sea-water 
containing  oxygen  they  will  develop  normally  when  put  back  into 
normal  sea-water.  The  dominant  rôle  of  the  oxygen  in  the  action  of 
hypertonic  sea-water  upon  the  unfertilized  egg  is  still  more  manifest 
in  experiments  on  eggs  which  possess  no  membranes.  If  we  put  the 
unfertilized  eggs  of  Strongylocentrotus  directly  into  hypertonic  and 
hyperalkahne  sea-water,  e.  g.,  50  ce.  sea-water  plus  10  ce.  2^  NaCl 
plus  1  ce  iV/10  NaHO  and  leave  them  in  such  a  solution  at  15°  C. 
for  about  two  hours,  many  eggs  will  develop  after  they  are  transferred 
back  to  normal  sea-water,  while  others  will  be  injured  and  perish  in  a 
short  time.  Both  effects,  however,  are  only  produced  if  the  hyper- 
tonic solution  contains  oxygen.  If  it  is  carefully  freed  from  oxygen 
or  if  the  oxidations  are  inhibited  by  KCN  the  eggs  are  intact  when 
taken  out  of  the  solution.  They  will  neither  develop  nor  disintegrate 
when  put  back  into  normal  sea-water.  If  after  a  few  hours  sperm  is 
added  to  such  eggs  they  will  develop.  However  one  may  vary  the  ex- 
periment,  the  resuit  is  always  the  same,  namely  that  a  hypertonic 
solution  stimulâtes  or  modifies  the  development  of  the  egg  only  in  the 
présence  of  free  oxygen.  This  seems  to  ind'cate  that  the  efîect  of  the 
hypertonic  solution  in  artificial  parthenogenesis  consists  in  a  modifica- 
tion of  the  phenomena  of  oxidation  in  the  egg  ;  the  latter  are  led  back 
into  the  right  channel.  This  is  the  reason  why  the  eggs  do  not  disin- 
tegrate but  develop  if  they  are  treated  with  hypertonic  sea-water  after 
the  artificial  membrane  formation. 


VI 

If  we  summarize  ail  the  experiments  on  artificial  parthenogenesis  it 
seems  that  the  essential  feature  of  the  process  of  fertilization  consists 
first  in  a  liquéfaction  or  hydrolysis  or  both,  of  fatty  compounds,  and 
second,  in  the  starting  of  processes  of  oxidation  in  the  right  direction. 
In  some  forms,  e.  g.,  Asterina,  the  latter  will  take  place  naturally  if 
only  the  former  process  is  started.     In  the  eggs  of  many  forms  the 
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process  of  liquéfaction  or  saponification  of  lipoids  occurs  under  the 
phenomenon  of  membrane  formation.  Thèse  processes  of  the  liqué- 
faction of  fats  and  hydrolysis  and  oxidation  form  apparently  the  basis 
of  the  synthesis  of  nucleins.  It  is  possible,  but  far  from  proved,  that 
among  the  fatty  compounds  involved  in  the  process  of  hydrolysis  are 
the  lecithins. 

Thèse  results  are  in  harmony  with  the  facts  observed  in  the  germi- 
nation of  oily  seeds.  The  process  of  germination  is  an  analogue  to 
the  starting  of  the  development  in  the  animal  egg,  inasmuch  as  resting 
cells  are  thrown  into  the  process  of  cell  division  and  this  process  is 
based  upon  the  synthesis  of  nucleins.  Experiments  on  the  germina- 
tion of  the  castor  beau  hâve  shown,  according  to  Hoyer,  that  as 
soon  as  the  seeds  are  put  into  water  a  hydrolytic  process  is  started 
which  results  in  the  formation  of  acid,  chiefly  carbonic,  lactic,  and  to  a 
smaller  degree,  acetic  acid.  Through  thèse  acids  a  lipolytic  enzyme 
is  activated  by  which  the  oil  of  the  seed  is  rapidly  hydrolyzed.  The 
rest  of  the  process  of  germination  is  primarily  a  nuclein  synthesis.  This 
synthesis  dépends,  as  in  the  case  of  the  egg,  upon  the  présence  of  free 
oxygen,  since  Moritz  Traube  has  shown  that  seeds  cannot  germinate 
except  in  the  présence  of  free  oxygen.  I  think  the  chemistry  of  the 
germination  of  seeds  is  essentially  the  chemistry  of  nuclein  synthesis, 
and  I  believe  the  method  of  starting  this  synthesis  is  essentially  the 
same  as  in  the  fertilization  of  the  egg. 

We  can  also  understand  why  certain  eggs  can  develop  without 
fertilization  or  show  natural  parthenogenesis,  while  others  require 
fertilization.  The  naturally  parthenogenetic  eggs  are  those  in  which 
the  nuclein  synthesis  can  be  started  without  the  addition  of  an  outside 
agency.  In  analogy  with  the  expérience  on  seeds,  we  may  assume 
that  the  acid  formed  in  them  after  they  hâve  left  the  ovary  is  sufficient 
to  bring  about  the  necessary  hydrolytic  process  or  processes;  either 
directly  or  through  the  activation  of  enzyme.  Such  eggs  must  also 
contain  the  necessary  prerequisite  for  the  normal  occurrence  of  the 
process  of  oxidation.  In  the  eggs  which  require  fertilization  we  must 
probably  discriminate  between  two  groups,  one  for  which  the  hydroly- 
sis is  sufficient  to  start  the  nuclein  synthesis,  e.  g.,  starfish,  Thalassema, 
Polynoë  ;  the  second  group  for  which  in  addition  provisions  are  to  be 
made  for  the  processes  of  oxidation,  by  treating  thèse  eggs  with  hyper- 
tonic  sea-water  containing  oxygen,  e.  g.,  sea-urchin,  and  Lottia. 

I  am  of  the  opinion  that  this  mechanism  of  nuclein  synthesis  is  the 
thread  by  which  we  can  find  a  rational  way  through  the  maze  of  the 
otherwise  bewildering  mechanisms,  characteristic  of  living  matter; 
on  one  hand,  the  phenomena  of  growth,  on  the  other,  those  of  self- 
preservation. 

I  will  illustrate  this  by  one  example.  It  can  be  proved  that  the 
nucleus  itself  or  one  of  its  constituents  acts  as  a  catalyzer  in  the  syn- 
thesis of  nuclein  in  the  fertilized  egg.    This  follows  from  the  fact 
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that  the  velocity  of  the  nuclein  synthesis  in  the  fertilized  egg  increases 
in  proportion  with  the  number  of  nuclei  already  présent  in  the  egg.  If 
the  mass  of  the  original  fertihzation  nucleus  is  7n,  the  mass  of  nucleins 
increases  during  the  first  segmentation  period  to  2m,  during  the  next  to 
4:771,  and  so  on,  increasing  with  the  exponent  of  2;  while  the  duration 
of  the  varions  periods  of  segmentation  difïers  Kttle  and  thèse  différ- 
ences hâve  no  relation  to  the  mass  of  the  nuclear  material  formed 
during  the  period.  This  behavior  of  a  chemical  reaction  is  charac- 
teristic  for  such  catalytic  processes  in  which  one  of  the  products  of  the 
reaction  is  itself  a  catalyzer  for  the  reaction.  We  must  therefore  con- 
clude  that  the  nuclei  themselves  or  one  of  their  constituents  are  the 
catalyzer  for  the  nuclein  synthesis  or  one  phase  of  it.  It  is  possible 
that  the  nucleus  catalyzes  only  the  phenomena  of  oxidation,  and  inas- 
much  as  oxidations  are  the  conditio  sine  qna  twtt  of  nuclein  synthesis, 
this  would  explain  the  autocatalytic  efîect  of  the  nuclei  upon  this 
reaction.  A  number  of  years  ago  I  pointed  ont  that  the  nucleus  seems 
to  act  as  the  main  (though  possibly  not  the  only)  oxidizing  agency  of 
the  cell.  This  influence  of  the  nucleus  upon  the  nuclein  synthesis,  and 
the  rôle  of  this  synthesis  upon  the  préservation  and  continuation  of 
living  matter,  explains  one  of  the  most  mystifying  characteristics  of  the 
latter,  namely,  the  phenomenon  of  automatic  reproduction  of  cells. 


DIFFERENTIATION    AND   SENESCENCE   IN  HYDROIDS 

(Abstract) 
HARRY  BEAL  TORREY  AND  ANN  L.  ISIARTIN 

In  many  hydroids,  the  skeleton  exhibits  progressive  sériai  diflfer- 
entiation  from  base  to  tip:  (1)  of  the  stem,  as  in  certain  campanu- 
larians,  or  (2)  of  the  branches,  as  in  Aglaophenia.  Successive 
hydrothecœ  differ  gradually  in  shape,  size,  and  sculpturing,  or  the 
pedicels,  when  présent,  differ  in  the  number  and  size  of  their  annuh. 
This  type  of  differentiation  represents  essentially  a  type  of  colonial 
sénescence.  It  also  affords  a  striking  parallel  with  certain  aspects 
of  the  life  cycle  of  infusoria.  Successive  non-sexual  individuals 
exhibit  progressive  différences  in  a  constant  environment.  The 
variable  is  accordingly  internai. 

Experiments  indicate  that  the  character  of  the  variable  is  physio- 
logical,  not  morphological  ;  that  the  colony  is  not  morphologically 
predetermined.  It  is  natural  to  expect  that  régénération  in  a  mor- 
phologically predetermined  colony  at  a  given  level  would  produce  a 
part  differentiated  according  to  the  type  of  structure  previously  exist- 
ing  at  that  level.  Such  an  expectation  is  not  realized,  however,  in 
Clytia  hakeri.  In  aquaria  in  which  intact  colonies  developed  as  in 
nature,  it  was  found  that  stems  eut  at  given  levels  regenerated  in 
certain  respects  not  according  to  the  original  type  for  that  level,  but 
according  to  the  type  characteristic  of  the  distal  or  youngest  member 
of  the  stem.  This  resuit  indicated  a  gênerai  physiological  change 
throughout  the  stem  correlated  with  advancing  âge. 

The  characters  especially  considered  in  this  connection  were  the 
number  and  size  of  the  annuli  in  the  hydrothecal  pedicels.  In  normal 
stems  the  annuli  suffer  a  gênerai  decrease  in  number  and  a  slight 
increase  in  size  from  base  to  tip  of  each  stem.  The  resuit  of  régénéra- 
tion following  a  eut  through  the  stem  at  whatever  level,  was  a  pedicel 
with  a  number  of  annuli  invariably  reduced  to  that  characteristic  of 
the  distal  member  of  the  stem,  and  a  slight  increase  in  the  size  of 
each  annulus.  The  statement  applies  as  well  to  small  stems  with 
several  annuli  in  distal  pedicels  as  to  longer  stems  with  but  one 
annulus  in  the  distal  pedicel. 

Somewhat  différent  results  followed  the  excision  of  individual 
pedicels.  In  such  cases,  usually  as  many  annuli  reappeared  as  had 
been  removed,  rarely  more,  rarely  less;  but  frequently  more  than 
were  characteristic  of  the  distalmost  pedicel  on  the  intact  stem. 
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Interesting  différences  appeared  in  the  numerous  cases  when  the 
proximal  ends  of  pièces  of  stem  developed  heteromorphic  shoots. 
The  latter  tended  to  recapitulate  briefly  in  their  annulation  the  devel- 
opment  of  the  stem  annuh  (which  also  exliibit  sériai  differentiation). 
In  a  small  percentage  of  cases,  regenerated  pedicels  possessed  more 
annuli  than  had  been  présent  originally  at  the  level  of  the  wound. 
In  thèse  facts  may  be  seen  a  tendency  of  heteromorphic  shoots  to 
develop  as  though  arising,  like  normal  stems,  from  a  stolon  with 
gênerai  potentialities.  In  the  great  majority  of  cases,  however,  the 
number  of  annuli  associated  with  each  heteromorphic  hydranth  was 
the  number  characteristic  of  the  distal  pedicel. 


THE   EFFECT   OF    LIGHT    UPON    THE    GROWTH   AND 
DIFFERENTIATION    OF    OBELIA 

(Abstract) 
HARRY   BEAL   TORREY   AND   ANN    L.    IVIARTIN 

Obelia  sp.  is  found  at  the  surface  on  froncis  of  the  giant  kelp 
(Macrocystis).  In  the  laboratory  a  given  stem  régénérâtes  in  the  dark 
from  a  distal  eut  two  or  three  hydranths  in  the  time  required  for  the 
production  of  one  by  a  similar  stem  under  similar  conditions  (water, 
température,  etc.),  except  that  it  develops  in  dayhght.  The  annuli 
on  the  pedicels  supporting  the  hydrothecae  in  the  former  are  also 
more  numerous.  When  single  pedicels  are  removed,  they  are  regen- 
erated  with  a  larger  number  of  annuli  in  darkness  than  in  daylight. 

Compared  with  the  course  of  things  in  darkness,  the  processes  of 
growth  and  differentiation  are  much  retarded  and  to  some  extent 
diminished  in  daylight.  The  effect  of  light  upon  Obelia  sp.  is  accord- 
ingly  directly  opposed  to  its  effect  upon  Eudendrium  as  shown  by 
Loeb. 


THE   CAUSE   OF   RHYTHMICAL   PULSATION   IN 
SCYPHOMEDUS^  ' 

Abstract 

ALFRED  GOLDSBOROUGH  MAYER 

Romanes  and  Eimer  found  that  if  we  remove  the  marginal  sense- 
organs  of  a  scyphomedusa  the  disk  becomes  paralyzed  and  does  not 
pulsate  in  sea-water. 

In  1906  the  writer  found,  however,  that  any  strip  of  sub-umbrella 
tissue  of  a  scyphomedusa  eut  in  the  shape  of  a  ring,  or  a  closed  circuit, 
will  continue  to  pulsate  rhythmically  in  sea-water,  provided  a  con- 
traction wave  be  once  started  in  the  circuit. 

Any  sohible  sait  of  potassium,  sodium,  lithium,  barium,  platinum, 
or  hydrogen  (acid),  or  an  electrical  or  mechanical  stimulus,  will  pro- 
duce a  contraction  in  the  disk  of  the  scyphomedusa  Cassiopea,  and 
will  serve  to  start  rhythmical  pulsation  in  a  ring-shaped  strip  of  para- 
lyzed sub-umbrella  tissue. 

The  contraction  arises  from  any  point  we  may  choose  to  stimulate 
on  a  ring  of  paralyzed  sub-umbrella  tissue.  This  contraction  may  con- 
sist  of  two  waves  of  eqiial  magnitude  which  proceed  in  opposite  direc- 
tions along  the  ring  away  from  their  common  point  of  origin.  Under 
thèse  circumstances  each  wave  travels  half  way  around  the  ring  where 
it  meets  the  other  wave  coming  in  the  opposite  direction.  The  two 
waves  then  block  against  one  another,  and  ail  movement  ceases  at 
their  place  of  meeting,  for  tissue  which  has  been  set  into  pulsation  can- 
not  again  pulsate  until  after  an  interval  of  rest;  hence  neither  of  the 
waves  can  stimulate  the  tissue  which  has  only  the  instant  before 
been  set  into  contraction  by  the  other  wave,  and  thus  ail  movement 
ceases  at  the  meeting  point  of  the  two  waves. 

More  frequently,  however,  the  two  waves  which  arise  from  the 
stimulated  point  are  uneqiial,  one  being  powerful  and  the  other  wcak. 
This  is  doubtless  due  to  an  inequality  in  the  transmitting  power  of  the 
tissue  on  either  side  of  the  point  of  stimulation,  and  the  major  wave 
goes  in  the  direction  of  the  least  résistance.  Under  thèse  circum- 
stances, when  the  strong  contraction  wave  meets  the  weak  one,  it  is 
still  capable  of  stimulating  the  tissue  over  which  the  weak  wave  has 
travelled  ;  whereas  the  weak  wave  cannot  stimulate  the  tissue  which 
has  only  the  instant  before  been  set  into  powerful  contraction  by  the 

*  Papers  from  the  Marine  Biological  Laboratory  at  Tortugas.     Publications  of 
the  Carnegie  Institution  at  Washington,  No.  102,  pp.  115-131,  13  figs.     1908. 
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strong  wave.    Thus  the  weak  wave  is  obliterated ,  and  tho  strong  wave 
alone  remains  to  travel  constantly  around  the  r'mcr  in  one  direction. 

This  wave  may  niaintain  itself  for  days  traveling  at  a  unil'orni  rate 
through  the  annulus,  and  this  rate  is  fully  twice  that  of  the  normal 
pulsation  maintained  1)V  tlie  mar<i;;inal  sense-orrjans. 

The  ventriele  of  the  heart  of  the  Loggerhcad  Tnrtle  (  TJiala.s- 
sochch/,s  cardia)  if  eut  into  ring-shaped  strips  may  also  be  caused  to 
maintain  itself  in  rhythmical  pulsation  in  the  manner  described  above 
for  the  scyphomedusa. 

The  point  which  was  stimidated,  and  from  which  the  contraction 
wave  first  starts,  is  of  no  more  importance  in  mainiauinKj  the  rhytlnni- 
cal  movement  than  is  any  other  point  on  the  ring,  for  the  tissue  around 
the  stimidated  point  may  be  eut  away,  and  still  the  pulsation  continues 
unchecked,  provided  the  circuit  remains  unbroken  ;  or  we  may  by 
concentric  circular  cuts  divide  the  original  pidsating  ring  into  a  séries 
of  concentric  annuli,  ail  of  which  will  continue  to  pulsate  undisturbed, 
thus  demonstrating  that  the  pulsation  is  not  maintained  by  any  one 
definite  center,  but  that  any  point  on  the  ring  may  receive  and  forward 
the  pulsation-stimulus,  provided  it  be  allowed  a  sufïicient  interval  of 
rest  between  successive  stimulations.  ^ly  conclusions  of  1000  are 
erroneous  in  this  respect,  and  this  rhythmical  pulsation  is  not  main- 
tained by  a  center,  but  by  each  and  every  part  of  the  ring  in  succession 
as  the  wave  passes  through  the  circuit. 

In  the  scyphomedusa^  the  pulsation-stimulus  is  maintained  by 
the  difïuse  nervous  System  of  the  sub-uml)rella,  and  this  stimulus 
causes  the  muscles  to  contract.  The  stimidus  may  readily  pass 
through  tissue  which  has  recently  regenerated  and  contains  no  mus- 
cles, or  through  parts  wherein  the  muscles  hâve  been  rendered  inca- 
pable of  contracting  through  the  action  of  distilled  water,  magnésium, 
curare,  carbon  dioxide,  or  alcohol. 

On  the  other  liand,  the  pulsation-stimulus  cannot  pass  through, 
or  be  conducted  by,  muscles  from  which  the  nervous  network  and 
epithelial  layer  hâve  been  peeled  away.  Ail  experiments  serve  to 
demonstrate  that  the  pidsation-stimulus  is  conducted  by  the  ner- 
vous éléments,  and  not  by  the  muscles  ;  which  merely  respond  to 
its  présence  by  contraction.  Indeed,  the  pulsation-stimulus  is  inde- 
pendent  of  the  muscles,  and  will  traverse  the  epithelial  and  nervous 
layer,  whether  the  muscles  respond  by  contraction  or  not. 

In  so  far  as  is  known,  ail  rhythmically  pulsating  animal  tissues 
contain,  or  are  surrounded  by,  the  éléments  Na,  Ca,  K,  and  INIg. 
INIarine  animais  live  in  a  solution  which  is  well  représentée!  bv  the 
formula  5/8  m  (100  NaCl  +  7.8  ISIgCb  +  3.8  MgSO,  +  2.2  KCl  + 
3  CaCb),  while  the  hearts  of  terrestrial  animais  pulsate  in  the  présence 
of  the  same  salts,  but  in  amounts  and  proportions  other  than  in  the 
above  formula. 

If  a  ring-shaped  strip  of  sub-umbrella  tissue  of  Cassiopea,  without 


280        VII.    INTERNATIONAL  ZOÔLOGICAL   CONGRESS 

sense-organs,  be  set  into  rhythmical  pulsation,  and  then  partially  im- 
mersed  beneath  a  solution  of  5/8  m  i\IgS04  or  MgClj,  the  immersed 
portion  of  the  ring  gradually  loses  its  contractibility,  and  after  ten  min- 
utes' immersion  the  immersed  portion  of  the  ring  will  hâve  ceased  to 
pulsate,  while  the  unimmersed  part  continues  its  pulsation  in  a  normal 
manner.  It  is  évident  that  the  pulsation-stimulus  passes  through  the 
inert  immersed  portion,  the  muscles  of  which  cannot  respond  to  the 
stimulus.  This,  and  other  experiments,  demonstrate  that  magnésium 
afîects  the  muscles,  rendering  them  incapable  of  contracting,  and  pro- 
ducing  a  state  of  constant,  inert  relaxation. 

Magnésium,  however,  has  but  little  efîect  upon  the  pulsation- 
stimulus  itself,  for  the  unimmersed  portion  of  the  ring  continues  to 
pulsate  for  fully  half-an-hour  after  ail  movement  has  ceased  in  the 
portion  subjected  to  the  action  of  the  magnésium.  We  know  that  the 
pulsation-stimulus  is  transmitted  by  the  nervous  éléments,  and  evi- 
dently  thèse  are  relatively  unaffected  even  by  a  pure  magnésium 
solution. 

Very  différent  is  the  effect  of  the  remaining  éléments  of  the  sea- 
water,  for  if  the  médusa  be  immersed  in  a  solution  lacking  magnésium, 
but  containing  NaCl,  CaCla  and  KCl,  it  puisâtes  at  an  abnormally 
rapid  rate  and  with  increased  amplitude  for  some  hours,  after  which 
its  activity  begins  to  décline,  and  finally  ail  movement  ceases  and  the 
médusa  dies  exhausted,  and  in  tetanus  of  so  pronounced  a  character 
that  the  muscles  are  torn  into  shreds.  If  the  médusa  be  maintained  in 
the  solution  lacking  magnésium  for  twenty-four  hours,  its  rate  will 
décline  from  about  80  to  3  pulsations  per  minute,  and  the  bell  will 
then  be  strongly  contracted  in  sustained  tetanus  with  many  rents  torn 
across  the  trend  of  the  muscle  fibers.  Even  under  thèse  conditions, 
however,  complète  recovery  takes  place,  the  tetanus  is  obliterated,  and 
normal  pulsation  resumed  if  we  merely  introduce  vfmgnesium  in  the 
amount  found  in  sea-water. 

Tetanus,  and  a  final  lowering  of  the  rate  of  pulsation,  is  also  pro- 
duced  in  the  rhythmical  movement  of  the  branchial  arms  of  Lepas  by 
NaCl  +  KCl  +  CaClo,  and  in  this  case  also  the  tetanus  is  cured  and 
normal  pulsation  restored  by  magnésium. 

This  tetanus  is  caused  by  the  présence  of  calcium,  as  has  been 
demonstrated  by  Professor  J,  Loeb. 

It  is  the  rôle  of  magnésium  to  prevent  this  tetanus,  and  to  relax  the 
muscles  so  as  to  maintain  them  in  normal  tone,  and  thus  it  is  that 
magnésium  and  calcium  offset  one  the  other  and  the  résultant  is  a 
normal  state  which  is  neither  one  of  complète  relaxation  nor  of 
tetanus. 

I  hâve  made  numerous  experiments  which  lead  me  to  believe  that 
the  sea-water  is  a  perfectly  balanced  fluid  neither  stimulating  nor  in- 
hibiting  pulsation  in  Cassiopea.  This  is  due  to  the  fact  that  the  sodium 
chloride  of  the  sea-water  is  a  powerful  nervous  and  muscular  stimulant, 
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but  the  calcium,  potassium,  and  magnésium  are  inhibitors  and  their 
conibined  effect  exactly  counterbalances  tlie  tendeney  of  the  sodium, 
tiius  producing  a  iieutral  fluid. 

The  stimukis  wliich  produces  pulsation  does  not  arise  from  the 
sea-water,  but  from  internai  ehemical  changes  in  the  marginal  sense- 
organs.  I  find,  indeed,  that  the  entodermal  cells  at  the  outer  end  of  the 
sense-club  are  constantly  producing  sodium  oxalate  apparently  through 
the  incomplète  oxidation  of  carbohydrates.  This  sodium  oxalate  pré- 
cipitâtes the  calcium  chlorides  and  sulphates  which  enter  the  sense- 
club  from  the  surrounding  sea-water,  and  thus  the  "otolith"-crystals 
of  the  sense-club  are  formed  ;  for  I  find  that  thèse  are  chiefly  composed 
of  calcium  oxalate,  not  calciiun  carbonate  as  stated  in  text-books. 
Now  the  formation  of  the  crystals  in  this  manner  sets  free  sodium 
chloride  antl  sulphate,  and  thèse  salts  act  as  stimulants  to  the  nervous 
éléments,  which  respond  periodically,  and  produce  the  rhythmical 
pulsation. 

The  ehemical  formula  for  the  reaction  is  as  foUows  : 

Na2C204  +  CaCla  =  2  NaCl  +  CaC204 
Na2C204  +  CaS04  =  Na2S04  +CaC204 

This  weak  excess  of  soluble  sodium  salts  in  the  sense-club,  over 
and  ahove  the  concentration  of  thèse  salts  in  the  surrounding  sea- 
water,  is  a  constant  though  weak  nervous  stimulus.  The  responses  to 
this  stimulus  are  periodic  on  account  of  the  refractory  state  of  the 
nervous  éléments  following  each  response  to  the  stimulus,  as  has  been 
demonstrated  by  Marey  and  Romanes,  and  more  recently  by  Bethe, 
Allgemeine  Anatomie  und  Physiologie  des  Nerven-sy stems,  1903. 


SUR  L'IMMUNITE  DES  CHENILLES  DE  GALERIA  MEL- 
LONELLA  VIS  A  VIS  DES  BACILLES  TUBERCULEUX 
ET  QUELQUES  AUTRES   MICROBES 

S.    METALNIKOFF 
(Abstract) 

1.  Les  chenilles  du  Galeria  mellonella  possèdent  une  immunité 
certaine  vis  à  vis  des  bacilles  tuberculeux.  Cette  immunité  repose 
sur  la  destruction  extraordinairement  rapide  de  bacilles  tuberculeux 
a  l'intérieur  des  phagocytes  et  a  l'intérieur  des  capsules  particulier. 
La  destruction  des  bac.  tuberculeux  se  passe  beaucoup  plus  vite  a 
38°  qu'aux  températures  plus  bosses. 

2.  Les  chenilles  sont  immunes  ausse  in  vers  quelques  autres  mi- 
crobes (Choiera  des  poules,  Bacillus  colï) .  Dans  tous  ces  cas  il  existe 
la  phagocytose  et  la  destruction  des  microbes  à  l'interneur  phagocytes 
et  des  capsules. 

3.  Vis  à  vis  de  quelques  autres  microbes  les  chenilles  sont  très 
sensibles. 

Eu  injectant,  par  exemple,  aux  chenilles  Bacil.  subtelis,  Bac. 
Friedlaenderi,  ou  les  voit  toujours  mourir  très  vite.  Dans  toas  ces 
cas  la  phagocytose  est  très  faible,  ou  bien  tout  a  fait  absent. 

4.  La  présence  du  phagocytose  ne  signifit  pas  encore  que  l'animal 
est  immune.  Si  on  injecte,  par  exemple,  Stuphylococcus  albus,  on 
peut  constater  toujours  une  phagocytose  très  forte.  Il  y  a  une  vrais 
lutte  entre  les  phagocytes  et  les  microbes.  Mais  a  la  fin  de  feu  les 
microbes  prennent  le  dessus  et  l'anima  meurt. 


"SUR  L'IMMUNITÉ  DES  CHENILLES  DU   GALERIA 

MELLONELLA  VIS  À  VIS  DES   MICROBES 

ET  LEURS  TOXINES" 

(Abstract) 
VICTOR  NEDRIGAILOFF 

1 .  Les  chenilles  de  la  mite  de  la  cire  (Galeria  mellonella)  se  com- 
portent très  differement  aux  microbes  qu'on  introduit  dans  leurs 
corps.  Vis  à  vis  des  uns  elles  sont  tout  à  fait  immunes,  vis  à  vis  des 
autres  elles  sont  très  sensibles. 

2.  In  vitro  le  sang  des  chenilles  ne  tue  pas  les  microbes. 

3.  L'immunité  dépend  exclusivement  de  l'activité  des  globules 

sanguins  (phagocytes) . 

4.  Les  microbes  pathogènes  pour  l'homme  sont  tout  à  fait  innofen- 
sifs  pour  les  chenilles  de  la  inite. 

5.  Les  chenilles  ne  se  contaminent  pas  si  on  les  nourit  avec  les 
microbes. 

6.  Dans  l'intestin  de  chenilles  et  chrysalides  on  trouve  en  grande 
quantité  seulement  une  espèce  des  microbes,  que  je  propose  de 
nomme  —  Melococcus. 


THE   CAUSES   OF  THE   DEATH   OF  MARINE   FISHES 
IN   FRESH   WATER   AND   VICE   VERSA 

FRANCIS  B.  SUMNER 

Is  the  death  of  sait  water  fishes  in  fresh  water  and  of  fresh  water 
fishes  in  sait  water  due  primarily  to  disturbances  occasioned  by 
osmosis  and  difPusion,  or  is  it  due  primarily  to  chemical  changes 
wrought  in  the  tissues  ?  A  doser  considération  of  the  problem  makes 
it  obvious  that  thèse  two  sets  of  factors  can  hardly  act  independently 
of  one  another.  In  the  course  of  my  own  work,  I  hâve  given  most 
attention  to  the  physiological  efîects  of  transferring  marine  fishes  to 
fresh  or  brackish  water.  The  resulting  changes  may  be  considered 
under  the  following  heads  : 

(1)  Death  or  survival  of  the  fishes  in  question. 

(2)  Obvious  reactions  or  symptoms  displayed. 

(3)  Changes  of  weight. 

(4)  Changes  in  the  chemical  composition  of  the  body. 

1.  As  regards  the  first  heading,  ail  of  the  exclusively  marine 
fishes  used,  and  even  certain  brackish  water  species  and  ones  which 
may  in  nature  become  entirely  landlocked,  were  found  to  succumb 
from  the  efîects  of  a  sudden  transfer  to  fresh  water.  From  experi- 
ments  with  varions  species  it  was  concluded,  on  the  one  hand,  that 
a  comparatively  graduai  acclimatization  (several  days  to  three  weeks) 
retarded,  but  did  not  annul,  the  fatal  effects  of  the  final  transfer  to 
pure  fresh  water;  and,  on  the  other  hand,  that  a  surprisingly  small 
percentage  of  sea-water  sufficed  in  some  cases  to  maintain  the  fishes 
in  perfect  health.  For  example,  during  the  past  winter,  twelve  spéci- 
mens of  Fundulus  heteroditus,  taken  directly  from  sea-water,  were 
kept  alive  for  fifty-four  days  (i.  e.  until  the  experiment  was  volun- 
tarily  abandoned)  in  fresh  water  containing  an  admixture  of  only 
one  per  cent  of  sea-water.  During  this  period  but  a  single  death 
occurred;  while  fresh  water,  under  identical  conditions  of  tempéra- 
ture, etc.,  invariably  proved  fatal  in  a  few  days.^ 

2.  The  obvious  reactions  or  symptoms  vary  greatly  according 
to  the  rapidity  with   which  death   ensues.     Fishes  which  die  in  a 

'  In  some  cases  at  least,  statements  to  the  effect  that  this  fish  has  not  been 
harmed  by  abrupt  transfer  to  perfectly  fresh  water,  do  not  bear  investigation. 
This  assertion  was  recently  made  by  one  of  my  colleagues  at  the  Woods  Hole 
Laboratory,  but  an  analysis  of  the  "fresh"  water  in  the  tank  in  which  the  fishes 
were  kept^  revealed  the  présence  of  about  one  half  per  cent  of  sea-water,  which 
had  been  mtroduced  with  the  fishes. 
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few  hours  or  less,  e.  g.  the  scup  (Stoiolomus  chrysops),  iindergo 
violently  convulsive  movements  of  the  whole  body,  whicli  continue 
even  after  respiration  lias  ceased.  On  the  other  hand,  the  three 
common  local  species  of  Fundulus,  which  survive  foi-  a  nuich 
longer  period  in  pure  fresh  water,  frequently  exhibit  peculiar  svnip- 
toms.  Upon  the  slightest  provocation,  sometinies  without  apparent 
cause,  the  fish  darts  erratically  al)out  the  tank,  entling  in  an  "epileo- 
toid"  state,  in  which  it  lies  on  one  side,  with  the  gill-covers  widely 
distended  and  the  body  twitching  slightly.  The  first  seizure  some- 
tinies proves  fatal,  tliough  more  commonly  the  fish  recovers,  for  the 
time,  at  least,  its  normal  appearance,  and  may  continue  living  for 
days. 

3.  The  gain  or  loss  of  water  through  osmosis  was  determined  by 
weighing  a  living  fish,  or  collection  of  fishes,  before  and  after  subject- 
ing  them  to  the  effects  of  given  solutions.  A  careful  teclinifjue  was 
employed  hère,  and  abundant  control  experiments  were  performed. 

4.  Changes  in  the  sait  content,  or,  more  strictly,  of  the  chlorine 
content,  of  the  body,  were  determined  by  the  ordinary  methods  of 
incinération  and  titration. 

As  regards  changes  of  weight  and  of  sait  content,  I  cannot  do  better 
than  to  quote  from  my  summary  contained  in  a  former  paper  : 

1.  ]\Ieasurable  changes  in  weight  resuit  only  from  considérable 
changes  in  the  surrounding  water,  but  — 

2.  Not  ail  sucli  changes  of  density  suffice  to  produce  changes  of 
weight,  even  when  the  fish  is  transferred  to  a  médium  which  is  known 
to  be  strongly  hypertonic  or  hypotonie  to  its  own  body  fluids. 

3.  Changes  in  the  salinity  of  the  water  may  or  may  not  resuit  in 
changes  in  the  sait  content  of  the  body. 

4.  Changes  in  the  bodily  sait  content  may  or  may  not  be  accom- 
panied  by  changes  in  weight. 

5.  Neither  the  changes  in  weight  nor  in  sait  content  are  at  ail 
proportional  to  the  changes  in  the  density  of  the  external  médium. 

It  is  obvions,  then,  on  the  one  hand  that  water  may  enter  or  leave 
the  body  osmotically,  on  the  other  that  salts  may  diffuse  through 
certain  membranes  of  the  l)ody  in  either  direction.  Experiments 
which  I  hâve  performed  upon  fishes  of  several  species  show  that  it 
is  the  membrane  covering  tlie  gills  that  is  chiefly  concerned  in  thèse 
exchanges.  To  détermine  tliis  fact  a  contrivance  was  constructed 
which  made  it  possible  to  pass  water  of  one  sort  through  the  gills, 
while  water  of  another  sort  bathed  the  body.  It  was  the  former 
stream  which  was  effective  in  causing  death  or  in  bringing  about 
changes  of  weight,  while  the  latter  had  no  évident  effect,  within  the 
period  of  the  experiment.  The  claini  that  the  gênerai  surface  of 
the  body  becomes  osmotically  perméable  upon  removal  of  the  scales 
I  find  to  be  unfounded. 

The  question  of  the  manner  in  which  thèse  chemical  and  osmotic 
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changes  bring  about  the  death  of  the  fish  is  not  an  easy  one  to  solve. 
Indeed,  a  complète  solution  would  perhaps  necessitate  a  careful 
study  of  every  organ  and  tissue  of  the  body.  Certain  investigators 
hâve  maintained  that  the  fatal  efïect  of  the  abnormal  médium  was, 
for  the  most  part,  a  grossly  mechanical  one.  The  French  physiologist, 
Paul  Bert,  for  example,  held  that  the  gill  capillaries  of  fresh  water 
fishes  became  constricted  under  the  influence  of  sait  water,  and  that 
the  blood  corpuscles,  themselves  distorted  by  its  action,  plugged  up 
the  former  to  the  point  of  arresting  the  branchial  circulation.  Death 
was  thus,  in  a  sensé,  due  to  asphyxîation.  Mosso  proposed  this 
same  theory  in  explanation  of  the  fatal  efîects  of  fresh  water  upon 
a  sait  water  fish,  the  shark  Scyllium.  He  performed  the  experiment 
of  injecting  a  sait  solution,  or  a  mixture  of  sérum  and  sait  solution, 
through  the  circulatory  system  of  one  of  thèse  fishes  which  had 
succumbed  to  the  effects  of  fresh  water.  This  solution,  he  said, 
could  not  be  forced  through  the  gills,  even  with  a  pressure  of  1.5 
mètres.  In  control  animais,  very  little  pressure  sufïiced.  Thèse 
fishes,  accordingly,  "die  from  suffocation,  since  many  red  corpus- 
cles disintegrate  and,  through  a  sort  of  coagulation,  stop  up  the 
vessels  of  the  gills."  The  blood  sérum,  he  states,  remains  almost 
normal. 

Mr.  D.  W.  Davis,  scientific  assistant  in  the  Fisheries  Labora- 
tory  at  Woods  Hole,  has,  at  my  suggestion,  recently  repeated  thèse 
experiments  of  Mosso's,  as  well  as  performed  similar  ones  upon 
teleost  fishes.  Wliile  thèse  experiments  are  not  yet  completed,  the 
following  facts  afford  strong,  if  not  conclusive,  évidence  against 
Mosso's  view.  Five  spécimens  of  our  common  small  shark,  or  "dog- 
fish,"  Mustelus  canis,  were  injected  with  physiological  sait  solution 
through  a  canula  inserted  in  the  conus  arteriosus.  The  pressure 
was  derived  from  a  column  of  the  liquid  contained  in  a  burette, 
and  the  rate  of  flow  accurately  determined.  The  élévation  of  this 
column  was  about  1.5  mètres.  Three  of  the  fishes  had  been  killed 
by  immersion  in  a  tank  of  running  fresh  water;  the  other  two  were 
taken  directly  from  sait  water,  being  in  perfect  health  until  the  body 
was  eut  transversely  across  a  short  distance  behind  the  heart.  (The 
fresh  water  lot  were  similarly  eut.)  The  average  time  required  for 
the  passage  of  50  ce.  of  the  sait  solution  was  not  over  1^  minutes  in 
the  spécimens  killed  in  fresh  water,  while  it  was  about  5  minutes 
in  the  others.     The  figures  individuaUy  are  :  — 

Fresh  water. 

(1)  68  seconds. 

(2)  52  seconds. 

(3)  less  than  2  minutes  (perhaps  much  less). 
Sait  water. 

(1)  4  minutes  (only  45  ce.  passed). 

(2)  5  minutes,  37  seconds. 


THE   CAUSES   OF   THE  DEATH    OF   MARINE    FISHES  287 

Thiis,  far  from  thore  being  a  clogginir  or  obstruction  ot"  the 
brancliial  circulation,  there  appears  to  bave  rcsuhcd  an  increascd 
permeability  of  tbe  branchial  capillaries/ 

The  same  resuit  was  obtained  with  a  teleost  fish,  thc  scuj).  The 
average  rate  of  flow  for  two  normal  fishes  was  10  ce.  in  al)out  7 
minutes,  at  a  pressure  of  ôô  cm.;  while  for  two  fishes  dying  in  fresh 
water,  the  mean  was  4^  minutes.  With  Fuitdulu.s  hcieroclUus,  while 
the  évidence  is  so  far  insufficient,  it  appears  that  the  flow  is  as  fast 
or  faster  in  the  fishes  dying  in  fresh  water. 

It  would  seem,  accordingly,  that  tlie  death  of  sait  water  fishes  in 
fresh  water  is  not  due  to  any  mère  mechanical  clogging  up  of  the 
gill.  capillaries.  ]\Iy  rather  extensive  séries  of  chlorine  détermina- 
tions point  to  the  conclusion  that  one  factor  in  the  death  of  thèse 
fishes  is  the  extraction  from  their  tissues  of  an  amount  of  salts  suffi- 
cient  to  reduce  the  percentage  lielow  a  certain  necessary  minimum. 
On  the  other  hand,  osmotic  absorption  of  water  and  conséquent 
dilution  of  the  blood  and  hydration  of  the  tissues  is  doubtless  one 
factor.  G.  G.  Scott,  of  the  staflf  of  the  Fisheries  Laboratory  at  Woods 
Hole,  has  lately  made  a  considérable  séries  of  déterminations  both 
with  the  ha?macytometer  and  with  the  Beckmann  thermoraeter, 
and  his  observations  seem  to  show  that  the  bloofl  of  certain  fishes 
undergoes  a  quite  measurable  dilution  when  the  animais  are  placed 
in  fresh  water. 

The  blood  sérum  of  marine  fishes,  according  to  the  crvoscopic 
results  of  varions  authors,  is  far  from  being  isosmotic  with  ordinary 
sea-water,  but  has  a  molecular  concentration  equal  to  about  one 
half  of  the  latter.  It  is  évident  therefore  that  under  ordinary  circum- 
stances,  the  limiting  membrane  of  the  gills  prevents  the  inner  and 
the  outer  fîuids  from  attaining  osmotic  equilibrium.  If  the  fish  is 
subjected  to  a  considérable  change  in  the  density  of  the  surround- 
ing  médium,  the  résistance  of  this  membrane  may  be  overcome, 
and  an  absorption  or  a  loss  of  water  may  occur,  as  is  shown  by  care- 
ful  weighino;.  The  résistance  of  this  membrane  mav  likewise  be 
overcome  l)y  varions  toxic  influences.  ^Minute  quantities  of  certain 
poisons,  as  I  hâve  recently  shown,  may  prove  more  fatal  in  fresh 
water  than  in  diluted  sea-water  of  certain  strengths,  and  this  even  to 
fresh  water  fishes.  This  may  be  due  to  the  great  différence  in  osmotic 
pressure  between  the  fresh  water  and  the  blood  of  the  fish,  death 
resultiîig  in  large  measure  from  the  absorption  of  water.  Fresh 
w^ater  iteslf  seems  to  hâve  a  toxic  efîect  upon  the  limiting  membranes 
of  most  sait  water  fishes,  and  the  résistance  to  an  osmotic  influx  of 
water  is  thereby  broken  down.     This  toxic  efîect  may  be  annulled, 

'  It  must  hère  be  recalled  that  the  greater  part  of  the  systemic  vessels 
had  been  removed.  This  increased  conductivity  of  the  branchial  vessels  in  the 
5shes  dying  in  fresh  water  —  if  indeed  it  prove  to  be  the  rule  —  may  perhaps  be 
explained  as  due  to  an  atonie  condition  of  their  muscular  walls. 
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as  has  already  been  pointed  out,  by  the  admixture  of  a  very  small 
proportion  of  sea-water,  a  proportion  so  slight  as  not  appreciably  to 
afFect  the  osmotic  pressure  of  the  hquid,  and  quite  insignificant  in 
comparison  with  the  concentration  of  salts  in  the  blood.  An  absorp- 
tion of  water  does,  it  is  true,  take  place  in  such  a  dihite  médium,  but 
it  occurs  within  strictly  physiological  hmits,  while  in  fresh  water  the 
fish  sooner  or  later  becomes  water-soaked. 

To  the  cause  of  the  death  of  fresh  water  fishes  in  sait  water  I 
hâve  given  far  less  attention.  Weight  déterminations  show  that  a 
very  considérable  loss  of  weight  may  occur  before  death.  Whether 
or  not  the  sait  content  of  the  body  undergoes  an  increase  beyond 
that  which  follows  from  the  loss  of  water,  I  cannot  say.  I  hâve, 
however,  been  able  to  show  a  higher  concentration  of  the  salts  in 
the  flesh  of  the  marine  fish  Fundulus  heterocli/us  after  keeping  it  in 
a  concentrated  sea-water.^ 

'  Most  of  the  results  hère  discussed  hâve  been  présentée!  at  greater  length 
in  the  Biological  Bulletin,  May,  1906  :  Bulletin  of  the  Bureau  of  Fisheries  for  1905 
(published  1906),  and  in  the  American  Journal  of  Physiology,  June,  1907. 
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CYTOLOGY  AND   TAXONOMY' 

(Address) 
C.  E.  McCLUNG 

TiiERE  are  certain  large  problems  in  the  domain  of  biology  that 
confronted  the  earliest  investigators,  and  thèse  hâve  been  handed 
down  froni  one  génération  of  scientists  to  another.  As  new  and  more 
restricted  departments  separated  themselves  from  the  older  and  more 
gênerai  ones  they  carried  with  them  thèse  same  problems,  toward 
the  solution  of  which  they  applied  their  own  spécial  methods,  giving 
them  at  the  same  tirae  something  of  their  own  bias.  Very  prominent 
among  thèse  great  questions,  and,  in  a  measure,  at  least,  embracing 
them  ail,  are  those  which  concern  the  relation  of  organisms  to  each 
other,  and  the  processes  of  development  in  the  individual  organism. 

To  the  voungest  of  the  biological  sciences  hâve  descended  thèse 
héritages  of  the  scientifîc  âges,  and  now  we  hear  it  from  many  sources 
that  ail  biological  problems  are  to-day  problems  of  the  cell.  Clearly 
enough  it  has  been  recognized  that  cytology  might  hâve  rauch  to  say 
regarding  the  mechanism  of  ontogenetic  growth,  but  less  definitely, 
and  only  more  recently,  has  a  conception  of  what  it  might  do  for 
phylogeny  arisen  in  the  minds  of  biologists.  It  was  with  the  thought 
of  thèse  two  functions  of  cytology  in  mind  that  I  chose  the  somewhat 
indefinite  tide  for  this  paper.  I  cannot  but  believe  that  cytology  will 
honorably  fulfil  the  obligations  that  science  has  placed  upon  it,  and 
I  feel  that  it  is  indeed  a  privilège  to  stand  before  you  and  call  to  your 
attendon  what  our  young  department  has  already  been  able  to  accom- 
plish,  and  to  suggest  possibilities  for  further  usefulness. 

It  is  with  no  désire  to  magnify  my  own  humble  part  in  the  attack 
upon  thèse  problems  that  I  make  mention  of  the  manner  in  which  they 
hâve  presented  themselves  to  me.  I  hâve  thought  that  by  means  of 
a  concrète  example  I  might  perhaps  more  clearly  exhibit  the  grounds 
for  my  theoretical  beliefs  and  the  reasons  for  the  faith  that  is  within 
me.     I  shall  therefore  first  indicate  the  main  features  of  parallelism 

*  Published  in  Kansas  University  Bulletin,  4,  No,  7,  1908. 
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between  germ-cell  structure  and  taxonomic  relations  that  hâve  ap- 
peared  from  investigations  upon  certain  orthopteran  species  and  then 
attempt  explanations  of  the  causal  connections  between  the  two  sets 
of  phenomena  in  the  hght  of  our  présent  gênerai  knowledge. 

From  the  study  of  a  large  number  of  saltatorial  orthopteran  species 
it  appeared  that  the  normal  numbers  of  chromosomes  in  the  maies 
fell,  in  gênerai,  into  two  groups  of  twenty-three  and  thirty-three 
respectively.  To  a  cytologist  this  was  a  very  suggestive  fact,  for  it 
indicated  a  précision  in  the  organization  of  cells  that  was  in  advance 
of  anything  that  had  before  been  imagined.  It  was  doubly  interest- 
ing  to  note  the  opinions  of  orthopteran  taxonomists  with  regard  to 
the  relationships  of  thèse  species  and  to  discover  that  they  had  segre- 
gated  them  into  défini  te  corresponding  groups  which  are  called  "  fami- 
lles." Merely  as  the  resuit  of  the  study  I  had  made  of  the  germ-cells, 
I  would  hâve  classifîed  thèse  insects  into  two  groups,  one  having  a 
complex  of  twenty-three  chromosomes  and  the  other  of  thirty-three. 
On  the  other  hand,  many  taxonomists,  from  careful  and  minute  ex- 
amination  of  the  external  anatomy  of  thèse  same  species,  had  agreed 
in  placing  them  into  family  groups,  w^hich  they  call  the  "Acrididœ" 
and  "Locustidse."  Now,  thèse  familles  are  clearly  distinguished 
apart  by  ordinary  taxonomic  features,  and  to  speak  of  the  "short- 
horned"  and  "  long-horned  "  grasshoppers  is  to  summon  before  the 
mind  of  one  acquainted  wàth  the  animais  very  definite  types  of  struc- 
ture. And  yet  the  distinction  between  thèse  insect  familles  is  no  more 
apparent  to  me  from  an  inspection  dî  the  gross  anatomy  than  it  is 
from  a  study  of  the  germ-cells.  The  possession  of  a  complex  of 
twenty-three  chromosomes  is  just  as  typical  an  acridian  character 
as  is  that  of  short  antennse.  I  do  not  regard  it  any  argimient  against 
this  cytological  means  of  discrimination  to  learn  that  other  than 
acridian  organisms  hâve  twenty-three  chromosomes,  for  so  do  other 
animais  hâve  short  antennae. 

Certainly,  it  would  seem,  we  hâve  hère  an  indication  of  the 
great  précision  in  organization  so  long  inferred  for  the  germ-cells. 
Were  our  knowledge  more  extensive  we  should  doubtless  see  yet 
further  évidences  of  this  —  and  certainly  it  is  our  duty  to  seek  them 
out  —  but  for  the  présent  we  must  make  use  of  this  suggestive  fact 
and  learn  from  it  what  we  may.  The  most  important  conclusion  that 
can  be  drawn  is  that  thèse  chromosomes  are  primary  factors  in  the 
mechanism  of  dcvelopment,  for  no  other  structures  of  the  cell  exhibit 
any  such  constancy  and  definiteness  of  organization  to  parallel  the 
structural  différences  of  the  resulting  animais.  Since  they  occur  in 
the  same  number  throughout  the  family,  and  since  the  end  resuit  of 
their  changes  is  essentially  the  same  in  every  case,  they  must  be  indi- 
vidually  alike  in  each  complex.  Further,  it  may  be  concluded  that 
always  their  functions  for  any  given  period  in  ontogenesis  are  the 
same.    With  this  as  a  beginning  it  becomes  a  reasonable  hope  that 
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we  may  attempt  an  analysis  of  tlie  processes  ol"  organic  development 
by  associating  modifications  of  the  acridian  type  of  body  with  varia- 
tions in  the  chromosome  complex  of  their  germ-cells.  In  other  words, 
the  tas'.:  of  the  cytologist  engaged  in  the  study  of  this  group  is  to  learn 
the  history  of  the  incUviihial  chromosomes  and  to  associate  this  knowl- 
edge  with  what  is  known  regarding  the  development  of  somatic 
strnctnres. 

This  is  obvionsly  no  h'ght  task,  but,  on  the  other  hand,  I  do  not 
consider  it  an  impossible  one.  Fortunately,  the  chromosomes  of 
différent  species  hâve  individual  peculiarities  in  size,  shape  and  be- 
liavior  that  make  it  possible  to  identify  many  of  them  without  diffi- 
culty.  Whether  it  will  be  possible  to  homologise  them  throughout 
the  family  is  not,  of  course,  nearly  so  certain.  Such  an  extensive  and 
thoroughgoing  attack  upon  the  problem  may,  however,  not  be  entirely 
necessary.  It  may  be  sufficient  to  attempt  an  analysis  of  a  more 
limited  group  than  the  family.  In  that  hope  a  great  many  gênera 
hâve  been  studied  in  order  to  find  striking  peculiarities  that  might 
assist  in  the  establishment  of  relationships  between  chromosomes  and 
somatic  characters.  The  work  has  thus,  for  a  time,  been  narrowed 
down  to  a  few  forms  ;  and  since  my  désire  in  this  paper  is  not  to  give 
detailed  results,  but  rather  to  point  out  the  direction  in  which,  I 
believe,  work  of  this  character  should  proceed,  and  to  indicate  the 
essential  nature  of  my  conclusions,  I  will  briefly  describe  the  condi- 
tions of  the  investigation  at  the  présent  time. 

Students  of  the  Orthoptera  hâve  divided  the  family  Acridida?  into 
nine  subfamilies,  of  which  only  four  are  found  in  the  United  States. 
Material  from  thèse  four  has  been  studied,  and  I  feel  convinced  that 
one  of  thèse  subfamilies  should  be  removed  from  the  group.  The 
other  three  are  manifestly  related,  and  so  closely  do  two  of  them  grade 
together  that  there  is  much  dispute  as  to  the  disposition  of  certain 
gênera.  The  third  subfamily  is  definitely  marked,  and  it  is  sufficient 
for  the  systematist  to  find  a  distinct  spine  on  the  prosternum  of  an 
acridian  in  order  to  place  it  in  the  subfamily  Acridiinœ.  Within  this 
division  of  the  family  there  are  a  large  number  of  subgroups,  the 
principal  one  being  the  Melanopli.  This  includes  many  extensive 
gênera,  of  which  one,  Melanoplus,  contains  over  120  species  in  the 
United  States.  Another  genus  of  this  group,  Hesperotettix,  is  of  wide 
distribution  but  embraces  only  seven  species.  Of  thèse  latter  I  hâve 
studied  three  and  they  seem  to  be  plainly  marked  in  their  body 
characters.  I  hâve  thought  that,  by  selecting  a  variable  genus  and 
another  of  the  same  group  that  is  more  stable,  it  might  be  possible 
to  détermine  the  gênerai  nature  of  the  changes  associated  with  vari- 
ability.  Both  of  thèse  lines  of  investigation  are  being  pursued,  but 
it  seemed  best  to  consider  fîrst  the  nature  of  the  less  variable  form, 
particularly  since  there  is  one  chromosome  that  can  definitely  be 
identified  throughout  the  genus. 
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This  latter  circumstance  I  consider  extremely  fortunate,  for  the 
occurrence  of  the  same  number  of  chromosomes  within  the  family 
raises  the  presumption  that  they  are  serially  homologous  almost  to 
a  certainty;  the  discovery  of  the  same  élément  in  three  species  of  a 
certain  genus  amounts  to  a  positive  proof  of  this  fact.  Particularly 
is  this  true  when  it  is  understood  that  the  homologous  éléments  really 
represent  two  of  the  chromosome  complex.  With  this  definite  structure 
indubitably  marked  in  the  différent  species,  I  felt  that  I  had  opened 
up  before  me  an  opportunity  of  unusual  promise,  but  one  which 
would  require  long  and  tedious  labor  for  its  development.  I  regret 
that  more  has  not  been  accomplished,  but  what  has  been  donc  is 
sufBcient  to  indicate  the  fruitfulness  of  the  investigation. 

Briefly,  then,  we  may  note  that,  so  far  as  our  observations  hâve 
gone,  ail  the  species  of  the  genus  Hesperotettix  hâve  within  their  first 
spermatocytes  a  multiple  chromosome,  a  hexad,  consisting  of  the 
accessory  chromosome  and  one  of  the  tetrads.  This  is  a  generic 
character,  one  of  those  that  serve  to  distinguish  the  group  that  tax- 
onomists  hâve  called  Hesperotettix  from  other  members  of  the  family 
Acrididoe.  With  my  présent  knowledge  I  would  feel  safe,  if  I  found 
an  acridian  cell  containing  such  an  élément,  in  ascribing  its  source 
to  the  genus  Hesperotettix.  I  should  hâve  as  Httle  doubt  regarding 
its  distinctive  character  as  I  should  hâve  regarding  that  of  the  animal 
from  which  it  came.  So  far  as  I  hâve  been  able  to  see,  there  is  no 
other  character  of  the  cell  that  would  distinguish  this  genus  from  the 
remaining  ones  of  the  Acrididae. 

Then  it  became  necessary  to  see  if  there  were  peculiarities  that 
bore  any  constant  relation  to  body  characters  of  spécifie  value.  It 
was  most  interesting  to  find  that  the  multiple  chromosome,  so  constant 
a  generic  character,  should  exhibit  just  as  constantly  minor  modi- 
fications of  size  and  proportion  in  the  différent  species.  This  partic- 
ular  chromatic  élément  therefore  signifies  to  my  mind  as  definite  an 
intégration  of  substance  as  does  the  adult  animal  which  contained  it. 
The  différences  between  the  same  élément  in  the  three  forms  of  Hes- 
perotettix studied  are  just  as  spécifie  as  any  that  might  be  chosen 
from  somatic  characters.  It  would  perhaps  be  well  to  say  that  I 
hâve  made  most  careful  comparisons  in  the  size  of  thèse  chromosomes, 
and  it  is  very  remarkable  to  find  the  extremely  close  concordance  that 
exists  within  the  species.  If  this  is  true  of  the  fixed  material  which 
has  been  subjected  to  ail  the  \iolent  processes  incident  to  the  prép- 
aration of  slides,  how  much  more  true  it  must  be  for  the  living 
object. 

There  are  thus  within  the  germ-cells  of  thèse  animais  certain 
structures  that  show  spécifie,  generic,  and  family  characters  in  just  as 
pronounced  a  manner  as  do  the  completed  organisms  wherein  they 
are  found.  It  is  therefore  désirable  to  know  what  corroboration  we 
hâve  from  the  study  of  other  organisms  for  our  belief  in  the  great 


CYTOLOGY  AND  TAXONOMY         295 

importance  of  the  chromosomes.  I  would  ask  you,  therefore,  to 
review  with  me  very  briefly  a  séries  of  facts  which  cytology,  normal 
and  expérimental,  has  brought  forth  in  support  of  the  idea  that  the 
chromatin  is  the  guiding  and  controUing  élément  in  developraent, 
and  that  the  chromosomes  represent  défini  te  centers  of  influence. 

In  the  first  place,  organisms  without  chromatin  do  not  exist,  and 
when  the  nucleus  is  removed  from  an  individual  the  normal  functions 
cease.  The  necessity  of  the  chromatin  in  the  economy  of  the  cell  is 
thus  proved.  Next  we  may  note  that  the  intégration  of  the  chromatin 
is  always  into  a  definite  number  of  chromosomes  in  the  individual,  in 
the  species,  and  sometimes  in  an  entire  family.  From  this  the  pré- 
cision of  organization  inhérent  in  the  chromatin  may  be  inferred. 
Again,  throughout  ail  the  complications  of  the  mitotic  division  every 
effort  is  apparently  put  forth  by  the  cell  to  secure  an  accurate  division 
of  the  chromatin.  This  suggests  the  primary  importance  of  the  chro- 
matin and  hints  strongly  of  difîerential  organization. 

If  now  we  turn  from  cells  in  gênerai  to  the  spécial  category  of 
germ-cells  we  find  very  much  more  évidence  for  our  belief  that  the 
chromosomes  are  the  déterminants  of  characters  and  that  they  are 
qualitatively  différent.  From  this  source  we  learn  that  normally,  for 
the  production  of  a  new  organism,  two  cells  are  required,  and  that 
the  only  feature  of  équivalence  between  them  is  in  the  chromosome 
complex,  which  in  each  case  is  a  duplicate  of  the  other.  Not  only 
are  thèse  morphologically  équivalent  groups  of  chromosomes,  but 
they  are  also  physiologically  equal,  for  either  complex  alone  may 
condition  development  in  the  same  way,  as  is  shown  by  parthenogene- 
sis  and  merogony.  Further  évidence  of  this  independence  and  équi- 
valence of  the  chromosomes  is  furnished  by  the  history  of  the  cells 
of  which  they  are  a  part,  for  step  by  step  they  go  through  the  same 
préparation  of  maturation,  and  the  particulars  wherein  they  show 
resemblances  are  always  those  of  chromosome  behavior,  no  matter 
how  much  the  other  éléments  of  the  cell  may  differ. 

While  either  the  paternal  or  maternai  chromosome  complex  in  a 
cell  is  sufficient  to  condition  the  development  of  ail  the  characters 
of  the  organism,  the  absence  of  any  one  chromosome  of  the  group 
results  in  the  non-development  of  some  body  characters.  Such,  at 
least,  seems  to  be  the  conclusion  that  must  be  drawn  from  the  work 
upon  polyspermized  eggs.  It  therefore  appears  very  probable  that 
the  chromosomes  are  qualitatively  différent.  Very  strong  additional 
évidence  to  support  the  view  that  the  chromosomes  are  qualitatively 
différent,  and  a  duplicate  séries  when  présent  in  the  normal  number, 
is  afforded  by  the  parallelism  between  the  behavior  of  the  chromo- 
somes in  maturation  and  fertilization,  and  the  ségrégation  of  Men- 
delian  characters  in  hybrids. 

Let  it  be  granted  from  the  facts  adduced  that  the  chromosomes 
are  the  controlling  factors  in  development,  then  how  can  we  explain 
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their  action,  how  correlate  them  individually  with  the  somatic  char- 
acter  and  how  explain  their  différences  in  the  formation  of  body-cells 
and  germ-cells  from  the  same  fertihzed  egg  ?  Hère  we  hâve  the  prob- 
lem  of  heredity  stated  in  cytological  ternis,  and  any  theory  offered  in 
explanation  must  conform  itself  to  the  known  facts.  I  am  of  the  opinion 
that  in  our  work  upon  the  classification  of  organisms  we  hâve  been 
much  inchned  to  regard  only  the  end  stage  of  the  process  of  develop- 
ment.  A  starfish  has  not  been  for  us  a  starfish  until  it  has  acquired 
its  radial  symmetry  and  its  adult  organs.  I  believe  that  in  this  we  are 
mistaken.  The  egg  of  the  starfish  performs  its  functions  in  just  as 
spécifie  a  manner,  and  differs  from  the  egg  of  a  sea-urchin  as  truly, 
as  do  thèse  same  organisms  differ  after  a  few  weeks  of  development. 
We  must  realize  that  an  organism  functions  from  its  very  beginning 
and  that  it  does  this  differently  from  any  other  individual.  We  may 
not  now  be  able  to  perceive  thèse  différences  of  individuals  in  the 
one-celled  condition  so  clearly  as  we  do  when  they  are  many-celled, 
but  this  is  due  to  our  lack  of  knowledge  and  not  to  the  absence  of 
variation.  That  one  cell  is  sufficient  for  the  identification  of  the 
species  is  clear  enough  from  my  study  of  Hesperotettix  and  other 
Orthoptera. 

We  must  indeed  recognize  that  organisms  are  specifically  différent 
throughout  their  ontogeny,  and  that  they  exhibit  the  functions  of  pro- 
toplasm  specifically  in  every  case  —  not  one  function,  but  ail  of  them. 
It  would  accordingly  be  as  difficult  to  add  sex  to  an  animal  at  some 
late  stage  of  development  as  it  would  be  for  the  egg  starfish  to  change 
into  an  adult  sea-urchin.  The  organization  is  inhérent  in  the  individ- 
ual from  the  beginning;  its  method  of  expression  differs,  however, 
from  stage  to  stage.  Therefore  we  must  conclude  that  the  parts  of 
the  whole  also  differ  progressively.  Perception,  movement,  meta- 
bolism  and  reproduction  are  functions  of  the  one  cell  just  as  truly  as 
they  are  of  the  multitude  of  cells  that  results  from  its  division. 

If  chromosomes  are  centers  of  influence  governing  always  the 
manifestation  of  spécifie  énergies,  then  they  must  at  every  stage  of 
development,  both  ontogenetic  and  phylogenetic,  exhibit  the  same 
properties.  In  so  doing  they  show  themselves  subject  to  the  same 
laws  of  change  that  obtain  in  the  differentiation  of  cells,  for  the  nature 
and  extent  of  their  influence  vary  progressively.  I  think  it  is  reason- 
able  to  conclude  thus,  for,  if  our  assumption  regarding  the  sex- 
determining  nature  of  the  accessory  chromosome  be  correct,  this  is 
.just  what  we  find  to  be  true  regarding  the  development  of  the  sexual 
characteristics  which  are  inhérent  in  every  cell  of  the  body,  and  become 
progressively  différent  in  each  state  of  development. 

It  is  hardly  necessary  to  say  that  no  true  student  of  cellular  phe- 
nomena  regards  the  chromosomes  as  the  only  factor  in  development. 
They  play  their  part  in  the  economy  of  the  cell  and  accomplish  their 
work  solely  because  they  exist  under  certain  conditions.     They  ap- 
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pear  to  us  as  more  definite  and  constant  features  of  cell  architecture 
than  any  others,  and  in  their  behavior  exhibit  such  indications  of 
initiative  and  importance  as  to  lead  to  the  belief  that  theirs  is  a  direc- 
tive action.  Difï'erentiation  is  regarded  as  a  progressively  changing 
séries  of  interactions  between  the  chromosomes  and  other  parts  of 
the  cell,  of  such  a  nature  that  the  nucleus  initiâtes  changes  which  are 
limited  by  the  conditions  of  the  cytoplasm. 

In  order  that  we  may  gain  some  idea  of  the  possible  nature  of 
thèse  interactions,  I  would  ask  you  to  consider  with  me  certain  phe- 
nomena  that  are  observable  in  the  development  of  the  maie  germ- 
cells.  Studies  on  spermatogenesis  usually  begin  with  a  considération 
of  the  spermatogonia,  since  thèse  are  the  first  cells  found  in  a  definite 
sexual  organ,  but  there  is  little  doubt  that  thèse  are  the  last  of  a  line 
of  pure  germ-cells  that  hâve  been  set  ofï  early  in  the  embryonic  history. 
Thèse  spermatogonia  hâve  the  paternal  and  maternai  chromosomes 
présent  in  the  same  relations  as  exist  at  the  time  of  fertilization.  They 
divide  rapidly  and  continuously  until  they  become  much  decreased 
in  size  and  almost  the  entire  cell  is  nucleus.  The  cytoplasm  is  reduced 
to  a  minimum,  but  the  nucleus,  at  least  so  far  as  the  chromosomes  are 
concerned,  has  not  been  much  altered.  In  the  grasshoppers,  I  feel 
convinced  that  the  number  of  thèse  divisions  is,  for  each  species,  a 
constant.  The  réduction  of  the  cytoplasm  does  not  go  beyond  a 
certain  point,  and  the  process  is  self-limiting. 

At  this  point  conditions  change.  The  members  of  the  chromo- 
some group,  instead  of  remaining  separate,  as  heretofore,  unité  in 
pairs,  the  coraponents  of  which  are  size  équivalents,  and  in  ail  prob- 
abiUty  functional  équivalents,  from  the  two  parents.  This  step  is 
one  toward  which  the  chromosomes  seem  to  hâve  been  tending  dur- 
ing  the  later  sperraatogonial  divisions,  and  one  which  certain  éléments 
anticipate  in  some  species.  There  is  every  reason  to  suppose  that 
this  synapsis  is  a  union  of  homologous  éléments,  and  is  the  consum- 
mation  of  the  fertilization  process,  initiated  by  the  union  of  the  sper- 
matozoon  and  the  ovum  and  rendered  more  intimate  by  the  fusion 
of  the  nuclei.  There  is  not  entire  agreement  among  observers  regard- 
ing  the  exact  time  of  the  synapsis  of  the  chromosomes,  but  it  is  always 
described  as  occurring  between  the  last  spermatogonial  division  and 
the  first  spermatocyte  mitosis.  In  the  grasshopper  it  is  the  final  act 
of  the  spermatogonial  chromosomes,  and  précèdes  the  changes  of  the 
growth  period.    I  am  inclined  to  believe  that  it  necessarily  does  so. 

This  act  of  synapsis  is  one  that  occurs  only  in  the  germ-cells,  and 
to  me  it  has  always  seemed  of  the  utmost  importance.  Let  us  consider 
the  conditions  of  the  process  a  little  more  fuUy,  and  see  if  some- 
thing  of  value  may  not  be  gained  in  our  search  for  the  cause  of  difïer- 
entiation.  The  primordial  germ-cells  hâve  been  more  or  less  intimately 
a  part  of  the  body.  Their  double  sets  of  chromosomes  hâve  been 
functioning  individually,  if  not  even  antagonistically,  and  hâve  built 
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up  cell-bodies  of  considérable  size.  Thèse  early  germ-cells  are  then 
gathered  together  in  a  single  place  and  are  thereupon  removed  from 
so  intimate  relations  with  the  somatic  cells.  Under  thèse  conditions, 
as  we  hâve  noticed,  they  reproduce  rapidly  with  constant  decrease  in 
the  amount  of  cytoplasm  and  end  up  with  cells  almost  entirely  nuclear 
in  proportion  and  strongly  chromatic.  Hère  division  ceases  and  the 
opposing  paternal  and  maternai  chromosomes,  their  cytoplasmic 
environment  practically  gone,  unité  together  in  synapsis. 

Conditions  are  evidently  ripe  for  a  change.  The  change  becomes 
apparent  in  an  altered  behavior  of  the  cell,  which,  no  longer  expend- 
ing  its  énergies  in  reproduction,  grows  enormously  both  in  nucleus 
and  cytosome.  Reproduction  lias  given  place  to  constructive  meta- 
bolism.  This  is,  however,  such  a  metabolism  as  finds  expression 
nowhere  else  in  the  life-cycle  of  organisms.  Morphologically,  at 
least,  it  accompanies  a  condition  in  which  the  paternal  and  maternai 
chromosomes  are  reduced  to  common  units.  Physiologically,  I  be- 
lieve,  it  is  a  state  wherein  the  chromosomes,  having  passed  through 
many  générations  of  cells  in  a  cytoplasmic  environment  peculiar  to 
the  particular  organism  of  which  they  are  members,  and  having  pos- 
sibly  exhausted  the  metabolic  resources  of  thèse  conditions,  unité 
their  common  énergies  and  construct  a  new  cytoplasm.  The  extent 
of  this  growth  varies  with  the  species,  but  in  every  case  is  considér- 
able, and  is  accompanied,  or  rather  preceded,  by  a  corresponding 
nuclear  enlargement.  This  growth  in  the  case  of  the  ovum  is  much 
more  extensive,  including  the  formation  of  ail  the  varieties  of  differ- 
entiated  "stuffs,"  but  takes  place  under  similar  conditions.  In  both 
sexes  this  unique  state  of  the  cell  is  terminated  by  two  mitoses,  one 
of  which  witnesses  the  séparation  of  the  paired  homologous  chro- 
mosomes and  their  distribution  into  différent  cells.  This,  in  reality, 
is  the  beginning  of  a  new  individual,  for  hère  are  new  conditions 
throughout  the  cell.  It  seems  possible  to  me,  in  the  light  of  our  présent 
knowledge  of  animal  development,  to  gain  some  idea  of  the  gênerai 
nature  of  the  phenomena  involved  in  maturation  and  fertilization, 
and  to  grasp  something  of  the  meaning  of  the  cell  changes  that  take 
place  at  thèse  periods.  Clearly  enough,  in  maturation  there  is  a 
séparation  of  chromosomes  and  in  fertilization  a  restoration  to  the 
normal  number.  Thèse  alternately  joined  and  separated  chromosome 
groups  are  of  différent  sexual  origin  and  distribution,  but  are  them- 
selves  without  sexual  characters,  for  in  one  génération  they  may  be 
in  a  maie  organism  and  in  the  next  in  a  female. 

But  when  we  hâve  recorded  thèse  important  facts  we  hâve  by  no 
means  exhausted  our  knowledge  of  the  différence  between  the  im- 
mature and  mature  germ-cell.  Much  important  work  has  been  donc 
within  récent  years  upon  the  organization  of  the  egg,  and  it  has  been 
clearly  demonstrated  that  this  is  of  a  high  order  of  complexity.  The 
récognition  of  différent  "stufïs"  in  the  egg,  and  the  discovery  that 
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they  are  of  varions  organ-forming  powers,  show  most  clearly  that  our 
théories  of  development  miist  take  the  cytophisiii  into  due  considéra- 
tion. Such  a  récognition  awarded  cytoplasniic  locahzation  lessens  in 
no  measure  the  importance  of  the  chromosomes,  a  fact  that  has  been 
appreciated  by  noue  more  clearly  tlum  by  those  who  are  most  familiar 
with  egg  organization.  Experimentally  it  has  been  proved  that  thèse 
particular  materials  are  able  to  develop  the  earlier  stages  of  the  em- 
bryo  without  cell  formation  or  nuclear  division;  and  yet  those  who 
hâve  most  knowledge  of  such  processes  do  not  minimize  the  impor- 
tance of  the  chromosomes,  even  though  it  may  be  granted  that  the 
cytoplasm  has  much  to  do  with  conditioning  the  early  stages  of  develop- 
ment. Nor  does  the  additional  fact  that  the  final  stages  of  somatic 
differentiation  are  characterized  by  the  pre-eminence  of  the  cytoplasm 
weaken  our  l)elief  in  the  primary  importance  of  the  chromosomes. 
I  think  that  a  reconciliation  of  the  apparently  contradictory  facts 
of  cytoplasmic  locahzation  and  chromosome  control  is  not  at  ail 
impossible. 

There  is  but  one  time  in'  the  history  of  an  organism  when  the 
production  and  arrangement  of  thèse  spécifie  materials  occur;  there 
is  but  one  time  when  the  biparental  chromosomes  function  in  common 
and  not  as  separate  entities.  Thèse  periods  are  coïncident,  and  I 
cannot  escape  the  conviction  that  they  are  related  as  efîect  to  cause. 
We  find  the  spermatogonia  and  oogonia  reduced  by  repeated  divi- 
sions to  an  almost  acytoplasmic  condition,  and  at  that  point  discover 
the  chromosomes  pairing  oflf.  During  a  long  period  of  association, 
in  certain  grasshoppers  extending  through  the  winter  months,  thèse 
chromosomes  remain  together,  and,  at  the  end,  présent  themselves 
to  us  as  members  of  an  entirely  différent  cell,  with  a  large,  clear  nu- 
cleus  and  ample  cytosome.  In  the  egg  the  contrast  between  stages  is 
even  more  remarkable,  but  hère  also  the  nucleus  grows  with  the 
cytoplasm. 

From  thèse  observations  we  must  conclude  that  if  the  nucleus 
governs  metabolism,  and  many  observations  tell  us  this  is  true,  the 
unusual  condition  of  the  nucleus  is  the  cause  for  the  unusual  growth 
of  the  cytosome.  The  possibilities  for  the  new  growth  are  established 
by  the  unifîed  activities  of  the  chromosomes  from  the  two  parents,  I 
would  conclude.  But  the  cytoplasmic  growth  is  only  one  aspect  of 
the  change  that  has  been  taking  place  at  this  time.  The  chromosomes 
themselves  hâve  been  active  participants  in  a  séries  of  interactions 
that  leave  them  modified  in  structure  and  function  in  many  cases, 
the  only  exception  being  such  as  govern  Mendelian  characters.  Un- 
doubtedly  the  nature  and  amount  of  this  interaction  vary  between 
the  same  chromosomes  in  différent  générations,  and  herein  is  the 
cause  of  variation.  Once  the  chromosomes  are  separated  in  matura- 
tion, however,  their  character  is  determined  and  they  do  not  agairi 
alter  in  the  germ  cycle  until  another  synapsis.    I  believe  thèse  views 
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are  established  by  common  observation.  The  descendants  of  two 
parents  rarely  develop  body  characters  much  alike,  but  now  and  then 
real  twins  appear  and  they  are  strikingly  alike.  The  reasons  for  this 
are  not  far  to  seek,  for  the  twins  are  the  product  of  the  same  two 
germ-cells,  while  ordinary  children  are  from  différent  cells  in  each 
parent. 

From  the  plant  kingdom  we  may  gain  still  further  évidence  of  the 
same  nature.  Hère,  where  végétative  reproduction  may  be  carried 
on  for  long  periods  of  time,  there  are  forms  that  sufîer  practically  no 
variation  at  ail  under  thèse  conditions  ;  but  allow  them  to  propagate 
sexually  and  variation  occurs  as  usual.  In  a  self-fertilized  plant 
the  material  cornes  from  one  source  in  both  cases,  but  in  végétative 
propagation  the  same  double  set  of  chromosomes  reproduces  itself 
constantly  unchanged;  but  in  sexual  reproduction  there  is  the  inter- 
action of  chromosomes  in  synapsis  and  the  formation  of  a  new  cyto- 
plasm  that  is  lacking  otherwise.  The  fundamental  importance  of  the 
germ-cell  organization  is  thus  indisputably  proved. 

With  the  chromosome's  in  the  rôle  of  character  déterminants,  how 
then  may  we  regard  the  opération  of  the  cell  parts?  We  must,  in 
the  first  place,  I  think,  consider  the  cyclical  character  of  cell  division. 
Nucleus  and  cytosome  are  physically  and  chemically  unlike  structures, 
separated  by  a  thin  membrane.  There  can  be  no  doubt  that  the  ordi- 
nary phenomena  of  osmosis  find  a  place  with  conséquent  interchange 
of  materials.  After  a  cell  division  the  cytosome  grows,  the  nucleus 
grows,  and  the  chromatin  doubles  its  volume.  New  material  lias 
been  added  and  transformed  into  the  likeness  of  the  old.  Experi- 
ments  teach  us  that  the  présence  of  the  nucleus  is  required  for  the 
opération  of  thèse  changes.  Then  comes  another  mitosis.  The 
nucleus  as  a  discrète  body  disappears  and  its  protoplasm  merges 
with  that  of  the  cytosome.  Thereupon  there  is  formed  the  familiar 
bipolar  figure  and  the  chromosomes  are  accurately  divided  along  a 
plane  established  before  the  breaking  down  of  the  nucleus.  This 
occurs  in  the  spermatogonia,  where  the  cytoplasm  is  reduced  in 
amount  to  such  a  degree  that  so  minute  a  spindle  is  produced  that  it 
can  scarcely  be  distinguished  among  the  chromosomes.  The  division 
of  the  chromosomes  is  the  final  effort  of  thèse  cells.  That  such  a 
process  would  produce  équivalent  daughter-cells  seems  obvions.  A 
similar  occurrence  obtains  in  the  reproduction  of  somatic  cells,  but 
there  is  an  important  différence  between  the  two  catégories.  In  the 
division  of  the  spermatogonia  there  is  a  constant  increase  of  the  chro- 
matin at  the  expense  of  the  cytoplasm,  resulting  in  cells  a  very  large 
proportion  of  which  individually  is  chromatin,  while  in  somatic  mi- 
toses the  cytoplasm  enlarges  disproportionately  to  the  nucleus  and 
its  chromatin.  This  cytomorphosis  seems  to  exhaust  the  possibilities 
of  difîerential  interchange  between  nucleus  and  cytosome,  and  fixes 
the  character  of  the  cell. 
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In  the  fertilized  egg  the  conditions  are  much  différent.  Preced- 
ing  the  entrance  of  the  spcrmatozoon  the  synaptic  chromosomes  hâve 
operated  in  tlie  process  of  building  up  botli  a  hirge  nucleiis  and  a 
large  cytosome.  At  maturation  most  of  tiie  nonchroraatic  material 
is  discharged  into  the  cytosome,  so  that  upon  their  conjngation  the 
pronuclei  are  probably  équivalent  in  other  respects  aside  from  the 
chromosomes.  It  has  been  shown  that  in  the  early  stages  of  embryo 
formation  there  is  an  actual  contribution  of  chromosomic  material 
to  the  cytoplasm.  That  the  chromosomes  increase  in  size  after  each 
division  by  taking  up  material  from  the  cyto|)lasm  is  a  common  obser- 
vation. There  is  thus  a  constant  circulation  of  material  through 
nucleus  and  cytosome,  and  that,  I  consider,  ofïers  an  adéquate  ex- 
planation  of  the  means  of  difîerentiation,  for  if  the  chromosomes  were 
individually  différent  they  would  respond  adaptively  under  the  vary- 
ing  conditions  of  development. 

Assuming  this  as  an  explanation  of  the  means  of  differentiation, 
how  can  we  conceive  the  opération  of  the  processes  of  development 
in  relation  to  the  germ-cells,  which  divide  at  the  same  time  as  the 
body-cells  and  yet  suffer  no  differentiation  ?  The  only  observations 
that  would  serve  as  a  key  to  this  problem  would  indicate  that  the  ab- 
sence of  differentiation  is  due  to  the  rétention  of  the  entire  chromo- 
some complex  unchanged.  If  differentiation  is  due  to  the  interchange 
of  material  between  the  chromosomes  and  cytoplasm  under  like  con- 
ditions, it  would  naturally  follow  that  the  absence  of  differentiation 
might  resuit  were  there  no  such  interchange.  The  few  observations 
that  we  hâve  would  support  this  view.  We  are,  however,  much  in 
need  of  a  thorough  knowledge  of  the  changes  undergone  by  ail  the 
cell  éléments  during  ontogenetic  development.  We  would  hâve  a 
much  broader  foundation  for  our  théories  if  we  knew  the  nature  of 
the  chromosome  complex  in  the  varions  cells  of  the  body  as  thèse 
became  differentiated.  It  would  then  perhaps  be  possible  to  say,  with 
more  assurance  than  our  présent  scanty  observations  incline  us  to  do, 
that  the  germ-cells  préserve  the  chromosome  complex  unaltered,  while 
it  becomes  progressively  and  variously  changed  during  histogenesis. 

It  is  very  clear  that  we  cannot  look  to  any  variation  in  the  opéra- 
tion of  mitosis  as  a  cause  for  somatic  differentiation,  since  our  ob- 
servations indicate  that  the  process  is  designed  to  produce  exact 
chromosome  équivalents.  If  the  chromosomes  are  the  controUing 
centers  of  differentiation,  then  the  only  conception  of  their  action  that 
we  can  entertain  is  that  they  bear  definite  and  progressively  différ- 
ent relations  to  their  cytoplasmic  environment.  Differentiation,  we 
should  therefore  be  inclined  to  say,  is  due  to  a  séries  of  adjustments 
between  two  constantly  varying  and  interdependent  structures,  nu- 
cleus and  cytosome,  with  the  chromosomes  acting  as  the  measure  of 
their  interaction. 

There  has  been  in  reality  but  one  thing  postulated  as  a  basis  for 
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my  views  regarding  the  organization  of  the.  chromosomes,  viz.,  that 
they  are  spécifie,  self-perpetuating  morphological  units.  If  this  be 
granted,  synapsis,  ségrégation  and  double  chromosome  groups  neces- 
sarily  are  true  conceptions,  for  there  is  no  other  way  of  accounting 
for  the  réduction  in  the  number  of  chromosomes  in  maturation  and  the 
restoration  of  this  number  in  fertiUzation.  Once  it  is  conceded  that 
the  chromosomes  are  self-perpetuating  cell  units,  then  there  can  be 
no  questioning  the  fact  of  a  reducing  or  segregating  division,  for  if  a 
set  of  chromosomes  from  the  father  enters  the  egg  and  duplicates  a 
set  already  présent  no  other  explanation  of  the  reappearance  of  the 
same  two  sets  in  the  mature  germ-cells  can  be  offered.  The  whole 
question  of  heredity  based  upon  chromosome  structure  centers  hère. 
Every  fact  that  makes  for  the  establishment  of  the  chromosomes  as 
definite  structural  éléments  is  an  argument  in  favor  of  a  reducing  or 
segregating  division.  The  loss  of  the  identity  of  the  chromosomes  in 
any  period  of  cell  prolifération  means  the  récréation  of  the  chromosomes 
in  the  next  mitosis.  This  fact  must  be  clearly  realized.  If  they  are 
not  continuous  structures  they  are  new  structures  in  each  cell.  If 
they  are  new  structures,  then  it  must  be  explained  how  they  reappear 
in  the  same  number,  size,  and  form  from  génération  to  génération 
of  cells  and  throughout  the  species,  genus,  and  family  of  the  grasshop- 
pers.  To  say  that  they  form  anew  after  each  mitosis  is  to  postulate 
an  organization  outside  of  themselves  that  controls  their  réintégration. 
This  merely  begs  the  question,  for  we  know  of  no  such  organization. 
I  maintain  that  the  discovery  of  the  same  group  of  chromosomes  in 
ail  the  species  of  Hesperotettix  is  alone  sufficient  to  establish  the  fact 
that  they  are  self-perpetuating  individuals.  We  actually  see  them 
reproducing  themselves  in  one  mitosis  after  another,  and  we  find 
them  invariably  in  every  animal  that  we  study. 

Now,  in  arguing  thus  for  the  continuity  of  the  chromosomes,  it 
is  not  intended  to  convey  the  idea  that  they  are  always  of  exactly  the 
same  size,  form,  and  physical  constitution,  nor  that  there  is  not  ad- 
dition to,  or  change  in,  the  material  substance  of  which  they  are 
composed.  They  are  no  more  immutable  or  invariable  than  the  grass- 
hopper  which  at  one  time  is  an  egg,  at  another  a  nymph,  and  finally. 
a  full-winged  adult.  I  would  as  soon  question  the  individuahty  of 
one  as  of  the  other,  on  the  argument  that  they  cannot  always  be  dis- 
tinguished  in  the  same  form.  Enough  évidence  has  now  been  devel- 
oped  by  varions  cytological  and  expérimental  researches  to  show 
that  there  is  a  fixity  and  definiteness  in  chromosome  organization 
sufficient  to  support  adequately  what  is  commonly  known  as  the  theory 
of  the  "individuahty  of  the  chromosomes."  The  burden  of  proof 
rests  strongly  upon  those  who  oppose  this  theory,  and  to  remove  it 
they  will  hâve  to  offer  some  definite  explanation  for  the  appearance  of 
such  a  structure  as  the  hexad  multiple  of  Hesperotettix. 

The  mère  fact  that  the  chromatin  granules  diffuse  through  the 
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nucleus  so  that  the  outlines  of  the  individual  chromosomes  cannot  be 
distinguished  is  no  argument  against  the  persistence  of  the  chromo- 
somes. Neither  can  1  regard  the  occurrence  of  occasional  cases  of 
amitosis  as  in  the  least  weakening  the  theory  of  chromosome  individ- 
uality.  It  may  teach  us  more  about  chromosomes  to  learn  that  under 
some  circumstances  they  may  show  such  a  suspension  of  visible  inté- 
gration as  amitosis  would  indicate,  but  we  shall  first  hâve  to  know  a 
great  deal  more  about  amitosis  than  we  do  now,  and  we  shall  want 
to  know  how  much  the  parasitical  nature  of  the  forms  in  which  direct 
division  usually  occurs  lias  bad  to  do  with  the  modification  of  ail 
other  organic  phenomena.  In  other  words,  I  maintain  that  something 
besides  négative  évidence  will  hâve  to  be  ofîered  in  explanation  of  the 
occurrence  of  the  same  number  of  chromosomes  throughout  the 
family  Acrididse,  and  of  the  same  combination  that  characterizes 
certain  gênera.  If  thèse  are  not  self-perpetuating  structures  then 
there  is  some  agent  outside  which  détermines  their  being,  and  it  will 
be  necessary  to  demonstrate  this  before  the  simpler  self-integration 
theory  is  abandoned. 

I  am  quite  prepared  to  admit  also  that  in  one  species  even  there 
may  be  a  variation  in  the  intégration  of  the  chromatin  material,  re- 
sulting  in  some  numerical  variation  of  the  chromosomes,  without 
losing  my  belief  in  the  necessity  for  this  definiteness  in  the  grasshop- 
pers.  We  do  not  yet  know  how  much  différence  there  may  be  in  the 
organization  of  the  varions  chromosomes  of  a  complex  nor  how 
variable  in  importance  they  may  be.  We  know  that  eggs  difîer  much 
in  the  extent  of  their  organization,  so  that  their  potencies  are  entirely 
différent  ;  and  since  the  chromosomes  represent  a  part  of  this  organi- 
zation they  also  may  vary  in  some  forms.  There  may  also  be  more 
than  the  duplicate  set  of  chromosomes  présent,  which  would  presum- 
ably  do  no  more  than  bring  about  greater  variation  or  minor  différ- 
ences in  the  distribution  of  characters. 

Taxonomy  has  sought  to  détermine  the  true  relationship  between 
animais  and  to  divine  the  lines  of  their  descent.  As  criteria  there  hâve 
been  used,  in  the  main,  structural  peculiarities,  and  thèse  hâve  been 
considered  of  différent  values,  depending  upon  the  number  and  variety 
of  forms  to  which  they  are  common.  We  speak  in  this  way  of  family, 
generic,  and  spécifie  characters.  For  instance,  in  the  Orthoptera  we 
distinguish  the  family  Acrididse,  which  has  as  récognition  characters 
strongly  developed  jumping  legs,  vertical  head,  short  antennœ,  three 
ocelli,  three-jointed  tarsi,  auditory  organs  on  the  basai  segment  of 
the  abdomen,  etc.  An  examination  of  thèse  characters  will  show 
that  it  is  not  the  présence,  of  any  peculiar  structure  that  distinguishes 
this  group  of  Orthoptera  from  other  Orthoptera,  but  it  is  the  nature 
and  extent  of  structural  development  that  is  distinctive.  Ail  insects 
hâve,  for  instance,  a  third  pair  of  legs,  a  pair  of  antennee,  a  head,  etc., 
but  in  the  Acrididœ  it  is  the  particular  proportion  of  the  third  pair 
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of  legs,  the  length  of  the  antennse,  and  the  position  of  the  head  with 
référence  to  the  thorax  that  marks  off  this  group  from  others.  It  is 
the  entire  organization  of  the  acridian  body  that  differs  from  représen- 
tatives of  other  orthopteran  famiHes,  and  thèse  features  of  external 
structure  that  taxonomists  hâve  selected  are  merely  very  striking  ones 
used  for  diagnostic  purposes. 

Not  a  cell  in  the  body  of  an  arcidian  is  like  that  of  a  locustid,  nor 
are  any  of  the  organs  similar  The  structure  of  the  testis,  for  instance, 
is  so  dissimilar  that  a  glance  at  a  section  through  a  low  power  of  the 
microscope  is  sufïicient  to  distinguish  the  source  of  the  préparation 
without  counting  the  chromosomes.  I  hâve  therefore  come  to  the 
conchision  that  for  accurate,  systematic  work,  not  only  will  the  ex- 
ternal anatomy  hâve  to  be  studied  but  also  the  internai.  Ordinarily, 
the  corrélation  of  parts  is  sufficiently  close  to  allow  the  use  of  purely 
external  structures,  but  in  other  instances  the  entire  anatomy  will 
hâve  to  be  understood.  It  has  been  a  matter  of  great  interest  to  me 
to  find  how  real  are  the  distinctions  between  species  that  hâve  been 
established  by  systematists.  In  the  genus  Hesperotettix,  that  I  hâve 
been  using  as  an  example,  the  species  are  clearly  marked  by  peculiari- 
ties  of  external  structure,  color,  etc.,  and  thèse  are  strictly  correlated 
with  germ-cell  characters. 

Thèse  things  ail  speak  strongly  to  me  of  definiteness  and  thorough- 
ness  of  organization,  a  conception  that  we  ordinarily  express  as  "cor- 
relation  of  characters."  It  means,  in  truth,  that  an  organism  is  a 
very  complex  assemblage  of  parts,  each  of  which  at  any  particular 
time  has  a  definite  form  and  relation  to  the  other  parts.  To  know 
it  thoroughly  we  must  be  familiar  with  ail  its  parts  at  that  particular 
stage  which  it  has  reached  in  its  development.  An  organism  is  an 
organism,  no  matter  at  what  ontogenetic  period  it  is  regarded.  Practi- 
cally  ail  crustaceans,  as  we  know,  at  one  stage  of  their  existence  hâve 
a  form  called  a  "nauplius."  The  définitive  organization  may  express 
itself  by  only  slight  modifications  of  the  early  type  of  structure,  or 
it  may  progressively  alter  its  form  until  it  bears  no  resemblance  to 
the  former  condition.  But  thèse  nauplii  are  not  ail  alike,  and  doubt- 
less  every  form  has  a  difl^erent  expression  for  this  structural  type  could 
we  but  distinguish  it.  Not  only  is  this  true,  but  in  ail  probability 
every  cell  is  characteristically  différent. 

With  this  conception  of  organisms  we  see  that  in  their  study  the 
distinction  between  cytology  and  taxonomy  is  not  great.  Were  our 
knowledge  of  cell  structure  in  the  grasshopper  complète  enough  we 
might  erect  a  system  of  classification  based  upon  cjtological  characters, 
just  as  reasonably  as  we  hâve  designated  one  using  external  anatomi- 
cal  structures.  Ail  of  which  goes  to  show  that  organisms  at  ail  stages 
of  development  and  in  ail  their  parts  are  specifically  constituted.  It 
is  the  peculiar  privilège  of  cytology  not  only  to  recognize  thèse  différ- 
ences but  to  détermine  the  means  bv  which  they  came  about.    The 
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appréhension  of  large  principles  of  organization  should  therefore  h. 
our  ann,  and  I  hâve  no  doubt  that  once  an  undersldin  '  o  the 
cytological  changes  m  the  body  of  an  animal  during  ironto/env  is 
reached  we  shall  hâve  solved,  as  far  as  h  is  possible  for  us  to^l. 
some  of  the  larger  problems  of  heredity  and  developmen  that  havp' 
become  our  scientifîc  inheritance.  ^^"pment  that  hâve 
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(Address) 
WILLIAM  BATESON 

My  first  duty  is  to  acknowledge  the  honor  done  me  by  the  sugges- 
tion that  I  should  deliver  the  address  in  this  section.  I  need  not  say 
that  I  very  highly  appreciate  the  distinction  thus  conferred. 

The  fact  that  a  heredity  section  has  been  constituted  is  surely  a 
matter  for  congratulation.  It  is  a  sign  that  the  study  of  zoology  is 
passing  into  a  maturer  stage.  For  the  past  half  century  zoologists  hâve 
been  chiefly  occupied  with  the  accumulation  of  morphological  facts  of 
structure  and  development.  The  perfection  of  microscopical  methods 
had  revealed  régions  in  which  knowledge  could  be  readily  advanced 
by  simple  means.  We  became,  therefore,  students  of  Cœlenterata, 
insects,  Vertebrata,  or  whatever  it  might  be,  according  as  fancy  or 
opportunity  had  specially  attracted  us  to  one  or  other  of  thèse 
groups. 

Such  work  was  intérim  work.  It  was  making  up  arrears.  This 
task  is  now  practically  accomplished.  Almost  ail  that  can  be  seen  by 
thèse  simple  means  has  been  seen.  One  more  phase  is  over.  The 
division  of  our  subject  matter  according  to  the  groups  of  the  animal 
kingdom  is  no  longer  adéquate. 

We  are  trying  for  fresh  points  of  attack,  Our  forces  are  disposing 
themselves  in  new  formations,  with  fresh  centers  and  a  new  front.  In 
the  organization  of  the  présent  congress  the  change  has  been  recog- 
nized,  and  the  création  of  this  section  and  of  sections  for  expérimen- 
tal zoology  and  cytology  testifies  to  the  existence  of  new  methods 
and  new  hopes. 

Limitations  of  the  animal  classes  do  not  trouble  us.  We  take  facts 
wherever  we  can  find  them.  We  are  botanists  to-day,  zoologists  to- 
morrow.  The  widening  of  interest  which  the  study  of  heredity  is 
bringing  into  modem  zoology  must  prove  a  great  benefit  to  the 
science. 

When  morphology  was  a  new  idea,  everything  was  sacrifîced  to  ils 
pursuit.  Physiology,  systematics,  ail  were  discarded  as  useless  lumber. 
Let  us  not  repeat  that  short-sighted  mistake.  In  the  wider  survey 
which  we  are  attempting  we  shall  need  ail  thèse  things.  If  we  are 
to  understand  rightly  the  phenomena  of  spécifie  différence  — •  to  take 
that  problem  only  —  we  shall  be  glad  of  anything  that  the  systematist 
can  tell  us,  and  of  many  déductions  of  pure  physiology. 
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The  study  of  heredity  and  variation  —  of  genetics,  to  use  our 
modem  term  —  is  itself  a  purely  physiological  inquiry,  and  as  sucli 
it  nuist  range  itself  ainong  other  physiological  in(|uiries;  standing 
next  beside,  and  looking  constantly  for  su])port  to,  physiological 
chemistry. 

The  accidents  of  development  which  dissociated  zoiilogy  froni 
physiology  were,  as  we  are  beginning  to  perceive,  a  misfortune, 
thongh  perhaps  an  inévitable  one.  The  botanists  are  hap])y  in  that 
their  smaller  dimensions  hâve  prevented  such  disruption.  But  let  us 
hope  that  the  dynamics  of  the  zoological  System  may  admit  of  the 
rétention  of  that  part  of  physiology  which  still  adhères.  Genetics  will 
grow  to  be  a  big  sphère  one  day;  but  may  it  never  break  ofï  from 
the  parent  body  whether  as  satellite  or  as  sun. 

Let  us  now  examine  the  task  which  lies  before  us  as  students  oF 
genetics.  Varions  descriptions  of  our  ol)jects  may  be  made,  referring 
to  the  phenomena  of  heredity  and  variation;  their  bearing  on  the 
theory  of  solution,  or  on  the  origin  and  destinies  of  races.  Stripped 
of  ail  that  is  superfluous  and  of  ail  that  is  spécial  to  particular  cases, 
genetics  stand  ont  as  the  study  of  the  process  of  cell-division.  For  if 
we  had  any  real  knowledge  of  the  actual  nature  of  the  processes  by 
which  a  cell  divides,  the  rest  would  be  largely  application  and  exten- 
sion. It  is  in  cell-division  that  almost  ail  the  phenomena  of  heredity 
and  variation  are  accomplished.  Nothing  is  more  easy  than  to  witness 
this  process.  We  may  behold  its  minutest  visiljle  détails  when  we 
please  and  as  often  as  we  please,  and  still  no  one  lias  even  a  plausible 
guess  as  to  the  essential  nature  of  the  process.  Two  centers  form: 
the  parts  coUect  round  each.  The  two  halves  withdraw;  or,  if  we  may 
commit  ourselves  so  far,  repel  each  other,  and  there  are  then  two  cells 
instead  of  one.  The  likeness  of  those  two  cells  we  call  heredity;  their 
différence  we  call  variation.  If  the  two  cells  remain  constituent  parts 
of  one  body,  we  may  speak  of  their  likeness  as  symmetry  or  répétition  ; 
and  their  points  of  unlikeness  we  then  call  difï'erentiation.  But  how 
the  two  centers  were  formed,  not  to  speak  of  why,  and  how  they  came 
to  separate,  we  hâve  no  surmise.  Still  less  can  we  conjecture  what  it 
was  that  decided  the  distribution  of  différences  between  the  two  halves. 
No  phenomenon  of  common  life  is  so  obscure. 

By  suitable  means  many  of  the  finer  détails  can  be  watched,  but  the 
most  meticulous  observation  has  failed  to  disclose  the  essential  truth 
which  must  yet  be  so  near.  I  am  speaking  in  a  country  where  by  the 
détermination  of  vigorous  observers  a  great  school  of  cvtologists  has 
arisen  who  hâve  added  much  to  knowledge  of  the  perceptible  fea- 
tures.  They  will,  I  think,  agrée  with  me  that  were  the  powers  of  the 
microscope  increased  many  times,  it  is  unlikely  that  we  should  be 
very  much  wiser  than  we  now  are.  Evidence  of  a  différent  sort  is 
needed. 

Others  by  great  ingenuity  hâve  tried  to  penetrate  a  little  deeper  by 
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making  models  which  in  various  ways  can  reproduce  something  of 
what  is  seen  to  occur,  but  the  features  thiis  represented  are  those 
which  occur  afler  the  two  centers  are  formed  —  the  conséquences,  that 
is  to  say,  of  the  division,  not  the  division  itself, 

That  remains  a  phenomenon  unparalleled  in  the  physical  world, 
like  consciousness,  a  distinctive  property  of  hving  matter.  By  no 
confection  of  chemistry  or  mechanical  contrivance  can  we  yet  fit 
together  a  System  which  will  dichotomize  and  grow,  dichotomize  and 
grow,  repeating  the  process  again  and  again  as  long  as  certain  mate- 
rials  are  supphed  to  it. 

The  point  on  which  I  wish  hère  to  lay  the  emphasis  is  the  failure  to 
conceive  or  to  represent  the  dichotomy.  Heredity,  as  we  commonly 
see  it,  is  much  more  than  that,  but  the  dichotomy  is  the  one  feature 
common  to  ail  its  manifestations.  I  hâve  sometimes  thought  that  in 
our  investigations  of  the  later  and  more  spécial  phenoraena  of  in- 
heritance  there  is  a  danger  of  forgetting  that  this  is  the  essential  fact. 
In  the  visible  rearrangement  of  the  chromosomes,  for  example,  in 
mitoses,  occurrences  so  tangible  and  striking  are  witnessed  that  thé 
observer  can  hardly  avoid  exclaiming,  "This  is  the  essential  process 
of  heredity,"  or  "Those  chromosomes  which  I  can  watch  and  count 
must  be  the  physical  basis  of  hereditary  likeness."  Attractive  and 
stimulating  as  those  wonders  are  to  behold,  the  essential  is  still  beyond. 
Heredity  began  in  the  explosion  which  impelled  the  chromosomes  on 
their  courses.  If  it  were  possible  to  identify  the  chromosomes  ever  so 
clearly  as  the  physical  bearers  of  hereditary  characters,  the  problem 
of  the  division  would  remain,  and  I  am  strongly  led  to  expect  that  it 
must  be  in  some  new  light  on  the  causation  of  the  division  that  the 
way  to  attack  the  essential  problem  will  be  found.  In  this  expectation 
I  am  glad  to  find  myself  in  agreement  with  Dr.  Loeb,  whose  inter- 
esting  address  we  heard  yesterday.  The  researches  which  he  has  so 
successfully  inaugurated  hâve  brought  the  problem  of  cell-division  at 
last  within  the  range  of  experiment  ;  and  if  the  nature  of  the  explosion 
remains  still  inscrutable,  Loeb's  work  has  shown  liow  the  charge  may 
be  fired. 

In  our  délibérations  I  anticipate  that  the  more  immédiate  question, 
whether  the  chromosomes  are  or  are  not  the  bearers  of  hereditary 
characters,  will  be  fully  debated.  Without  presuming  to  a  definite 
opinion  on  this  question,  I  venture  to  state  what  seem  to  me  formidable 
difficulties  in  thé  way  of  this  expectation.  If  the  chromosomes  were 
directly  responsible  as  chief  agents  in  the  production  of  the  physical 
characteristics,  surely  we  should  expect  to  find  some  degree  of  corre- 
spondence  between  the  différences  distinguishing  the  types,  and  the 
visible  différences  of  number  or  shape  distinguishing  the  chromosomes. 
So  far  as  I  can  learn,  no  indication  whatever  of  such  a  correspondence 
has  ever  been  found.  Besides  this,  although  no  very  thorough  investi- 
gation of  the  chromosomes  of  somatic  structures  has  yet  been  made  on 
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an  extensive  scale,  I  believe  that  definite  cytological  distinctions  be- 
tween  the  nuclei  of  the  varions  tissues  oj  the  same  hody  hâve  not  been 
detected.  If  chromosomes  were  the  chief  governors  of  structure, 
surely  we  should  find  great  différences  between  the  chromosomes  of 
the  varions  epitheUa  which  differ  greatly  in  their  structure  and  proper- 
ties.  As  thèse  cytological  différences  hâve  not  been  found  consistently 
there,  the  prospect  of  successf ully  tracing  them  among  the  spécifie  types 
does  not  look  very  hopeful. 

Again,  no  correspondence  between  the  chromosome  numbers  and 
complexity  of  structure  ha  s  ever  been  asserted  to  exist.  Low  forms 
may  hâve  many  ;   highly  complex  types  may  hâve  few. 

Then,  on  the  contrary,  very  closely  allied  types  may  show  great 
différences  in  thèse  respects.  As  you  are  aware,  Rosenberg  has  shown 
that  one  species  of  Drosera  has  20,  while  another  has  10.  Again, 
Miss  Lutz  has  found  a  similar  state  of  things  in  Œnothera  gigas,  which 
has  28,  while  Œnoihera  lata  has  14.^  Obviously  this  doubling  means 
something  definite,  but  it  is  not  suggestive  of  the'  détermination  of 
spécifie  différence.  In  Aphis  INIiss  Stevens,  on  the  other  hand,  has 
shown  how  wide  a  diversity  may  be  presented  by  the  chromosomes  of 
forms  so  alike  as  to  hâve  passed  for  one  species.  Thèse  différences 
prove  both  too  little.  and  too  rauch.  I  cannot  but  believe  that  ail  this 
évidence  points  to  the  conclusion  that  we  are  about  to  find  among  the 
chromosomes  one  more  illustration  of  the  paradoxical  incidence  of 
spécifie  différence,  not  the  fundamental  phenomena  on  which  that 
différence  dépends.  Among  coleopterists  punctulation  is  sometimes 
a  feature  of  great  systematic  importance.  To  dipterists  neuration 
and  chaetotaxy  sometimes  give  useful  critical  data.  In  certain  orders 
of  Lepidoptera,  the  Hesperidœ,  for  example,  the  structure  of  the 
genitalia  sharply  distinguishes  the  species  where  ail  outward  tests 
fail.  But  proceeding  farther  with  each  of  thèse  criteria,  we  are  sure 
to  come  upon  other  groups  where  for  a  long  séries  of  diverse  types  the 
critical  feature,  so  important  elsewhere,  may  show  no  différences,  or, 
on  the  contrary,  may  show  hardly  any  stability.  I  ha\ie  digressed 
outside  my  province  in  thèse  remarks.  My  excuse  must  be  that  I  hâve 
a  rare  opportunity  of  speaking  to  a  great  school  of  cytologists,  who 
must,  sooner  or  later,  become  the  colleagues  of  us  breeders  in  the 
attack  on  genetic  problems,  and  I  cannot  resist  saying  how  the  facts 
strike  an  observer  who  is  highly  interested,  and  I  may  truly  say 
unprejudiced.  I  suspect,  then,  that  the  specificity  of  the  chromosomes 
may  conform  in  gênerai  to  thèse  other  phenomena  of  specificity. 

There  remains  the  suggestive  fact  that  ail  that  has  been  witnessed 
regarding  the  behavior  of  the  chromosomes  is  in  fair  harmony  with  the 
expectations  which  our  Mendelian  expérience  would  lead  us  to  form 
respecting  the  hypothetical  "bearers"  of  varietal  différences.     On 

'  Important  évidence  as  to  thèse  chromosome  numbers  has  been  published 
by  R.  R.  Gates,  Botanical  Gazette,  February  and  July,  1907. 
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the  other  hand,  with  one  striking  exception,  nobody  has  been  able  to 
conneet  a  cytological  différence  with  a  character-difference  in  any 
instance.  The  exception,  of  course,  is  the  case  of  the  accessory  chro- 
mosome which  Professor  Wilson  so  admirably  demonstrated  to  us 
yesterday.    Of  that  I  shall  speak  again  hereafter. 

But  though,  in  regard  to  thèse  profounder  questions,  our  knowledge 
is  so  defective,  the  results  of  expérimental  breeding  are  beginning  to 
hmit  the  problem  in  very  definite  ways.  We  know  first  the  fact  de- 
duced  from  Mendel's  original  experiments  with  peas,  that  the  bodily 
characters  may  resuit  from  the  transmission  of  distinct  unit-factors. 
According  to  Mendel's  own  conception  thèse  factors  existed  in  alterna- 
tive or  allelomorphic  pairs,  of  such  a  nature  that  only  one  member  of 
any  one  pair  can  be  carried  by  a  gamète.  Now  though  we  cannot 
quite  prove  this  first  account  to  be  wrong,  it  is  nevertheless  possible 
to  express  ail  Mendelian  phenomena  in  terms  of  a  simpler  system, 
according  to  which  the  allelomorphism  may  be  represented  as  con- 
sisting  essentially  not  in  the  présence  of  separate  factors  for  the 
dominant  and  for  the  récessive  characters,  but  in  the  présence  of 
something  constituting  the  dominant  character  which  is  absent  from 
the  récessive  gamètes.  So  satisfactory,  indeed,  are  the  results  of  this 
mode  of  représentation  that  the  probabilities  are  greatly  in  favor  of 
its  truth.  Indeed,  when  the  interrelations  of  a  complicated  séries  of 
varietal  types  hâve  to  be  dealt  with,  the  presence-and-absence  System, 
as  we  may  call  it,  applies  so  readily  that  its  correctness  is  scarcely 
doubtful. 

In  simple  cases,  for  instance,  in  that  of  the  rat,  we  may  regard  the 
color  giixy  and  black  as  due  to  the  opérations  of  gray  and  black  deter- 
miners  acting  upon  a  distinct  factor  for  color.  According  to  the 
scheme  promulgated  by  Cuénot,  the  two  determiners,  gray  and  black, 
are  regarded  as  allelomorphic  to  each  other. 

Such  a  System,  however,  fails  when,  as  in  the  case  of  mice,  a  third 
color-type  (in  addition  to  the  albino),  viz.,  chocolaté,  has  to  be  ex- 
pressed.  If,  on  the  contrary,  each  déterminer  is  regarded  as  allelo- 
morphic to  its  own  absence,  a  workable  system  is  provided,  which  can 
deal  with  almost  ail  the  observed  facts.  The  gray  —  or  technically, 
agouti  —  mouse,  then,  con tains  ail  the  factors.  The  black  is  black 
because  it  is  minus  the  déterminer  for  agouti,  and  the  chocolaté  is 
wanting  in  the  determiners  both  for  agouti  and  for  black.  The  rela- 
tions of  ail  the  color  types  to  each  other  are  thus  clear  except  in  so  far 
as  the  relation  of  yellow  to  the  other  colors  is  not  quite  satisfactorily 
accounted  for  on  either  system. 

It  is  at  présent  beyond  my  purpose  to  examine  the  suggestions 
raade  to  deal  with  that  particular  difficulty,  but  leaving  this  spécial 
question  on  one  side,  we  can  draw  the  clear  déduction  that  each  of 
thèse  varieties  owes  its  existence  to  the  absence  or  removal  of  some 
factor  from  the  gamète  of  the  type. 
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Conversely  in  other  cases  we  perceive  with  equal  certainty  that  the 
variety  is  due  to  the  addition  of  such  a  factor. 

To  deal  with  this  séries  of  interactions,  the  simple  conception  of 
dominant  and  récessive  is  inadéquate.  We  now  need  a  term  to  dénote 
the  relation  between  dominant  factors  belonging  to  distinct  pairs  of 
allelomorphs. 

Till  lately  we  spoke  of  the  relations  between  the  gray  color  of  the 
mouse  to  the  black  color  in  terms  of  dominance.  Those  terms, 
strictly  speaking,  should  only  be  applied  to  members  of  the  same 
allelomorphic  pair.  We  can  perhaps  best  express  the  relation  betu^een 
the  gray  and  the  black  by  the  use  of  the  metaphor  "higher  and 
lower,"  and  I  therefore  suggest  the  term  epistatic  as  applicable  to 
characters  which  hâve  to  be,  as  it  were,  lifted  oflf  in  order  to  permit 
the  lower  or  hypostatic  character  to  appear.  The  same  method  of 
représentation  is,  of  course,  applicable  to  the  séries  of  factors  for 
pattern  and  for  intensity  of  color. 

The  case  of  patterns  is  in  a  spécial  way  instructive.  Symbolically 
we  can  represent  pattern  as  due  to  determining  factors,  like  those 
which  cause  the  tint  or  the  intensity  of  color. 

Though  justifiable  as  a  symbolic  représentation,  it  is  évident  that 
the  "factor"  for  pattern  may  really  be  a  quantitative  différence  in  the 
amount  of  one  of  the  éléments,  presumabîy  the  chromogen.  We  may 
imagine  that  the  color  appears  on  spécial  parts,  just  as  color  takes  on 
the  prepared  surface  of  a  lithographer's  stone,  always  remembering 
that  though  the  distinction  between,  for  example,  self-pattern  and  the 
Dutch-pattern  rabbit  may  thus  be  quantitative,  the  quantitative 
stages  are  fairly  well  defined. 

The  point  is  of  interest  inasmuch  as  when  we  come  to  estimate  the 
minimum  number  of  transmitting  éléments,  it  is  superfluous  to  postu- 
late  additional  éléments  as  instruments  in  effecting  thèse  altérations 
in  pattern,  seeing  that  the  change  may  very  readily  be  imagined  as  due 
to  a  séries  of  quantitative  subtractions  from  the  qualitative  éléments. 
If  then  we  can  thus  regard  the  distribution  of  color  as  dépendent  on 
subtraction-stages  of  some  one  élément,  say  the  chromogen,  we  are 
naturally  led  to  refer  the  varions  intensities  to  another  similar  but  also 
definite  séries  of  subtraction-stages  in  w^hich  the  subtraction  is  spread 
over  the  whole  field,  and  so  on  for  the  other  qualities. 

Two  fairly  distinct  classes  of  différence  may  thus  be  presumed  to 
exist,  those  depending  on  the  qualitative  éléments  and  those  due  to 
quantitative  subtractions  from  them.  The  latter  may  be  again 
subdivided. 

It  is  scarcely  necessary  at  this  time  to  repeat  that  almost  ail  the 
subtraction-stages  fully  studied  are  fairly  definite,  and  their  existence 
implies  no  suggestion  of  gênerai  failure  of  ségrégation.  Interesting 
experiments  hâve  recently  been  made  by  Castle  and  McCurdy,  ex- 
hibiting  positive  results  of  sélection  inside  the  limits  of  one  of  thèse 
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stages,  viz.,  the  so-called  hooded  type  in  the  rat.  Nevertheless,  the 
maximum  resuit  attributaljle  to  sélection  in  such  cases  is  a  modifica- 
tion within  the  limits  of  one  particular  varietal  type. 

Such  évidence  provides  no  escape  from  the  conclusion  that  each 
genetic  variety  cornes  into  existence  by  a  spécial  addition  to  or  sub- 
traction from  the  genetic  equipment. 

Of  ail  the  results  to  which  expérimental  work  has  led  us,  that  which 
to  me  is  the  most  astonishing  is  the  fact  that  the  same  Systems  of 
transmission  should  be  followed  by  characters  which,  by  whatever 
test  they  are  judged,  must  be  supposed  to  be  most  diverse  in  physio- 
logical  causation.  Naturally  when  we  are  dealing  with  changes  in 
color,  for  instance,  or  in  the  reserve  materials  of  a  seed,  we  surmise 
that  the  critical  factor  is  a  certain  ferment,  or  rather,  the  power  to 
produce  that  certain  ferment.  It  is  perhaps  not  too  wide  a  stretch  of 
imagination  to  regard  susceptibility  to  fungoid  disease  as  caused  by 
some  similar  body.  The  diversity  of  thèse  ferments  must  anyhow  be 
very  great,  and  it  seems  very  strange  that  ail  thèse  multifarious 
potentialities  should  exhibit  gametic  allelomorphism.  Let  us  take  an 
illustration.  Color,  as  we  can  prove  in  regard  to  several  plants,  and 
in  regard  to  the  plumage  of  fowls,  is  due  to  the  meeting  of  two  com- 
plementary  factors.  One  is  presumably  a  ferment.  Récent  research 
strongly  suggests  that  it  is  a  tyrosinase.  The  other  is  referred  to  as 
a  chromogen.  But  whatever  they  are,  the  two  bodies,  or  rather  the 
factors  which  produce  them,  must  be  of  utterly  différent  nature,  and 
yet,  genetically,  the  two  potentialities  are  treated  similarly.  Each  is 
allelomorphic  to  the  absence  of  such  a  power. 

How  mucli  more  astounding  is  it,  that  when  we  pass  to  qualities 
such  as  length  of  stalk  and  shape  of  flower,  or  of  a  cock's  comb,  the 
quality  of  the  hair  in  a  rabbit,  we  still  find  the  same  rules  in  strict  and 
undeviating  opération.  Any  scheme  of  heredity  on  a  scale  compre- 
hensive  enough  to  deserve  the  title  of  theory  must  deal  with  this  sur- 
prising  fact. 

There  is  another  extraordinary  feature  in  the  behavior  of  allelo- 
morphs  which,  though  known  clearly  in  a  few  cases  only,  must 
certainly  play  a  great  part  in  the  fuller  elucidation  of  heredity.  This 
is  partial  gametic  coupling. 

Mr.  Punnett  and  I  hâve  for  some  time  been  engaged  in  studying 
this  phenomenon  in  the  sweet  pea  {Lathynis  odoratus),  and  we  hâve 
recognized  indications  of  the  same  thing  elsewhere.  The  Section  will 
perhaps  forgive  me  for  taking  a  botanical  illustration.  I  hâve  no 
doubt  it  will  not  be  long  before  cases  in  animais  are  found. 

In  the  sweet  pea,  then,  we  know  experimentally  about  eleven 
distinct  allelomorphic  pairs.  The  actual  number  is,  of  course,  much 
greater,  but  eleven  hâve  been  criticaliy  demonstrated. 

Of  thèse  characters  some  are  concerned  with  the  production  of 
color,  others  with  the  détermination  of  form.    The  composition  of  the 
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Fo,  families  shows  that  several  of  thèse  allelomorphs  are  not  distributed 
independeiitly  among  the  gamètes,  but  that  certain  combinations  of 
characters  occur  with  greater  frequency  than  others.  The  first  of  thèse 
coiipKngs  to  be  made  ont  was  that  between  the  normal  or  loiuj  pollen 
shape  and  the  factor  which  détermines  blue  color.  In  the  absence  of 
the  long  pollen  factor,  the  pollen  is  round.  In  the  absence  of  the  factor 
for  blue,  the  flower  color  is  red.  The  coupling  hère  is  such  that  the 
F2  numbers  instead  of  being  9  blue-long  +  3  blue-round  +  3  red-long 
+  1  red-round,  are  177  :  15  :  15  :  40,  or  very  nearly  so. 

This  System  would  be  produced  by  the  following  gametic  séries  : 
7  blue-long  +  1  blue-round  +  1  red-long  +  7  red-round. 

It  is  not  possible  to  décide  strictly  whether  the  séries  is  7,  1,  1,  7,  or 
8,  1,  1,8,  and,  of  course,  the  dichotomies  which  produce  the  one  or 
the  other  of  thèse  Systems  must  be  entirely  différent,  but  the  total  of 
the  séries  is  either  16  or  16  +  2. 

Now  the  other  two  instances  of  partial  coupling  show  that  the 
association  is  there  in  groups  of  either  32  or  32  +  2.  In  the  fîrst  case 
the  blue  factor  and  the  pollen  shape  are  again  concerned,  but  their 
proper  System  of  coupling  is  disturbed  by  the  présence  of  another 
élément,  that  which  governs  the  shape  of  the  flower. 

The  three  pairs  of  characters  are  then  : 

Dominant  Récessive 

1.  Blue.  No  blue,  viz.,  red. 

2.  Pollen  long.  Pollen  round. 

3.  Standard  upright,  having  central         Standard    hooded,    without    a    central 

notclî.  notch. 

Now,  experiment  has  shown  two  things.  First,  that  in  thèse 
families  there  is  a  total  and  complète  coupling  of  hlue  and  hood.  In 
other  words,  ail  gamètes  destitute  of  the  upright  standard  factor  hâve 
the  blue  factor,  while  ail  gamètes  bearing  the  upright  standard  are 
destitute  of  the  blue  factor.  Consequently,  there  are  in  such  families 
three  types  of  plants,  distinguishable  by  the  shape  and  color  of  their 
flowers  : 

1.  Blue  —  hooded  standard. 

2.  Blue  —  erect  standard. 

3.  Red  —  erect  standard. 

Classes  1  and  3  are  homozygous,  but  2,  which  in  this  curions  in- 
stance happens  to  be  the  wild  type  of  sweet  pea,  is  hère  always  hete- 
rozygous,  like  the  blue  Andalusian  fowl.  Consequently  we  meet  the 
paradoxical  resuit  that  of  the  three  types  produced  in  such  a  family 
the  original  wild  form  is  the  one  which  does  not  breed  true,  but 
continues  to  throw  ofî  the  other  two  types. 

It  is  only  by  a  stretch  of  language  that  we  can  speak  of  the  blue 
factor  as  coupled  with  the  hooded  shape;  for  the  hooded  shape  is 
récessive,  and  thus  may  be  regarded  as  the  shape  due  to  the  removal 
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of  the  factor  for  upright  standard.  A  more  strict  way  of  describing 
the  facts  would  be  to  speak  of  erect  standard  and  blue  factor  as 
gametically  alternative  to  each  other.  It  is  thus  possible  that  we 
raay  hâve  eventually  to  extend  the  conception  of  allelomorphism 
to  cases  like  this  where  two  characters,  both  dominant,  due,  that 
is  to  say,  to  the  présence  of  some  factor,  are  alternative  to  each 
other  in  the  constitution  of  the  gamètes. 

To  return  now  to  the  distribution  of  the  pollen  characters  in  thèse 
familles:  the  F^  numbers  prove  that  the  coupling  between  the  blue 
factor  and  the  long  pollen  character  is  altered  and  becomes  far  more 
complète.  When  the  hood  standard  is  segregating  from  the  upright 
standard  at  the  same  time  as  the  blue  is  segregating  from  the  red  (viz., 
non-blue),  and  the  long  pollen  from  the  round  pollen,  the  gametic 
séries  is  no  longer  7  blue  ;  long  +  1  blue  ;  round  +  1  red  ;  long  +  7 
red;  round,  but  is  evidently  15+1  +  1  +  15,  unless,  as  is  still  possi- 
ble, the  actual  numbers  are  16  +  1  +  1  +  16. 

A  second  case  of  this  peculiar  distribution  exists  in  regard  to  the 
two  characters,  sterility  of  anthers  and  absence  of  colors  in  the  axil  ; 
there  the  association  is  15  (or  16)  fertile  $  ;  colored  axil  +  1  fertile  $  ; 
green  axil  +  1  stérile  $  ;  colored  axil  +  15  (or  16)  stérile  $  ;  green 
axil. 

The  F^  numbers  resulting  from  the  recombinations  of  two  pairs 
of  allelomorphs  distributed  independently,  and  according  to  varions 
simple  Systems  of  partial  gametic  coupling  may  be  tabulated  as 
follows.  In  each  pair  one  of  the  factors  is  taken  to  be  dominant  over 
the  other. 


AB 

aB 

Ah 

ah 

Total 

No  coupling. 

9 

3 

3 

1 

16 

3.1.1.   3 

41 

7 

7 

9 

64 

7.1.1.   7 

177 

15 

15 

49 

256 

15.1.1.15 

737 

31 

31 

225 

1024 

and  so  forth. 

Curiously  enough,  we  hâve  as  yet  no  certain  case  of  the  coupling  in 
a  séries  of  8,  viz.,  3  +  1  +  1  +  3,  though  we  can  scarcely  doubt  that 
the  System  exists.  There  are,  however,  clear  indications  that  couplings 
of  a  still  doser  order  exist  and  we  may  reasonably  expect  them  to  fall 
into  Systems  corresponding  with  the  séries  of  powers  of  2.  This 
évidence  will,  in  ail  probability,  be  of  great  assistance  in  the  attempt 
to  close  in  on  the  question  of  the  moment  at  which  the  ségrégation  of 
characters  is  efïected  and  must  be  taken  into  account  in  any  discus- 
sion of  the  nature  of  the  dichotomies  themselves.  It  becomes  very 
difficult  to  suppose  in  thèse  cases  of  close  though  still  incomplète 
coupling  that  ail  the  ségrégations  occur  at  the  réduction  division  — 
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or  indeed  at  any  single  division  —  and  we  await  with  some  interest  the 
resiilt  of  cytological  studies  of  the  antécédent  stages  in  maturation. 
The  difficulty  reaches  its  maximum  when  we  attempt  to  conceive  the 
process  of  character-distribution  among  the  egg  cells  of  phints.  The 
maie  cells  in  plants  and  animais  are  so  numerous  that  their  numbers 
supply  sufficient  scope  for  the  formation  even  of  very  long  séries  of 
couplings.  The  egg  cells,  on  the  contrary,  are  few,  and  very  often 
definitely  grouped  in  spécial  organs,  which  again  are  arranged  on  a 
definite  geometrical  plan  relatively  to  the  gross  anatomy  of  the  plant. 
Even  if  the  various  accessory  cells  of  the  plant  ovary  are  reckoned  as 
belonging  to  the  gametic  séries,  the  number  seeras  still  insufficient  to 
allow  for  the  development  of  a  coupling  which  demands  a  long  séries 
for  its  expression.  Is  there,  then,  any  organized  system  of  differentia- 
tion  Connecting  the  several  ovaries  into  a  common  plan  ?  In  maize  and 
peas,  where  indications  of  this  system  might  be  expected  to  be  found 
if  they  existed,  the  évidence  is  entirely  négative,  and  that  is  ail  which 
can  be  positively  asserted. 

Turning  now  to  another  aspect  of  the  problem,  we  hâve  to  look  for 
facts  which  may  help  us  to  limit  our  search  for  causes  of  variation. 
We  may,  as  I  hâve  said,  assume  that  a  vast  number  of  variations  are 
due  to  the  addition  or  removal  of  definite  factors.  We  begin,  there- 
fore,  to  hâve  some  dim  conception  of  the  nature  of  this  class  of  varia- 
tions, and  at  ail  events  to  appreciate  that  they  must  occur  as  definite 
and  spécifie  events.  As  to  the  causation  of  thèse  events,  there  is 
almost  no  light.  A  few  months  ago,  I  think  it  would  hâve  been 
scarcely  an  exaggeration  to  hâve  said  there  was  none.  It  is,  however, 
impossible  not  to  recognize  that  the  striking  experiments  lately  pub- 
lished  by  Tower  may  be  a  positive  contribution  to  this  part  of  the 
inquiry.  We  can  scarcely  imagine  that  changes  in  température  or  in 
moisture  are  the  great  or  chief  efficient  causes  of  natural  variation; 
still  the  fact  that  in  Tower's  experiments  such  artificial  changes  in 
conditions  appear  to  hâve  efîected  a  modification  in  the  germ  cells  of 
the  potato  beetle  {Leptinoiarsa  decem-lineata)  and  to  hâve  permanently 
deflected  the  ofîspring  into  a  récessive  line,  must  be  allowed  weight 
in  future  discussions  of  thèse  phenomena.  Many  points  in  that  fine 
pièce  of  work  still  remain  to  be  cleared  up,  but  a  very  remarkable 
beginning  has  been  thus  made.  It  is,  perhaps,  scarcely  necessary  to 
add  a  warning  that  though  the  response  to  change  of  conditions  may 
hâve  been  direct,  it  must  not  be  hastily  concluded  that  the  response  is 
adaptive.  The  appeal  to  direct  responses,  so  common  in  evolutionary 
discussions  of  thirty  years  ago,  was  made  to  account  for  the  complex 
adaptations  of  organism  to  environment.  It  is  the  total  want  of  any 
évidence  supporting  that  appeal  which  has  driven  most  of  us  to  disbe- 
lieve  in  the  reality  of  any  such  claims,  and  there  is  nothing  in  the  new 
évidence,  I  think,  which  should  shake  the  attitude  of  resolute  agnos- 
ticism  which  we  hâve  thus  been  led  to  adopt. 
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Similar  reflections  apply  to  another  very  curions  instance  of  genetic 
change  induced  by  more  violent  means.  ]MacDougal  states  that  by 
injecting  calcium  nitrate  into  the  ovary  of  Raimannia  he  caused  the 
plant  to  produce  seeds  which  became  small  and  depauperated  plants, 
destitute  of  the  ciliation  characteristic  of  the  parent  species.  Thèse, 
in  their  turn,  transmitted  the  new  character  to  their  descendants. 

The  facts  which  I  hâve  referred  to  as  helping  to  limit  our  view 
hâve  been  drawTi  from  the  behavior  pf  a  considérable  range  of  charac- 
ters  and,  as  I  hâve  said,  there  are  strange  éléments  of  similarity  com- 
mon  to  ail.  Respecting  two  very  important  classes  of  characters  we 
still  remain  in  almost  total  ignorance.  Some  years  ago  in  attempting 
a  provisional  survey  of  variations  I  distinguished  a  spécial  group  of 
phenomena  as  meristic,  that  is  to  say,  belonging  to  those  occurrences 
by  which  division  and  répétition  are  efïected  in  animais  and  plants. 
Obvions  as  the  meristic  différences  are,  we  know  very  little  as  to  the 
System  followed  in  their  inheritance.  Only  one  case  is  clear,  I  believe. 
Farabee  lias  shown  that  the  peculiar  condition  of  the  human  digits  in 
which  the  fingers  and  toes  hâve  only  two  phalanges  each,  behaves  as 
a  simple  dominant.  Dr.  Drinkwater  has  very  kindly  sent  me  lately  a 
table  which  he  will  shortly  publish,  showing  exactly  the  same  thing  in 
an  English  family.  In  his  family,  as  in  Farabee's,  the  affected  mem- 
bers  were  of  very  short  stature.  I  can  not  at  ail  readily  conceive  how 
any  ferment  or  other  transmissible  substance  can  be  supposed  to  be 
responsible  for  such  a  variation  as  this.  It  is  true  that  the  attacks  of 
gall-flies  or  of  fungi  may  excite  branching,  or  proliferating  cell-division 
in  plants,  and  we  may  hâve  to  suppose  that  a  poison  can  hâve  this 
effect.  Perhaps  we  may  also  imagine  that  the  fine  division  of  the  hair 
folhcles  in  Angora  rabbits  or  Merino  sheep  may  be  due  to  the  want  of 
some  substance  which  in  the  normal  type  inhibits  or  checks  this  ex- 
cessive subdivision,  but  if  we  are  to  bring  the  two-phalanged  digits 
into  line  with  the  rest  of  thèse  observations  we  shall  hâve  to  make 
an  extrême  demand  upon  the  spécifie  powers  of  chemical  substances. 

Polydactylism  has  thus  far  failed  to  give  clear  indications.  Some- 
times  the  inheritance  is  Mendelian,  while  in  other  strains  or  individ- 
uals  dominance  is  so  irregular  that  the  descent  becomes  untraceable. 
Such  irregularities  of  dominance  hère,  as  elsewhere,  may  be  referred 
with  some  probability  to  the  disturbing  infiuences  of  other  unde- 
tected  factors.  It  is  much  to  be  hoped  that  cases  of  différence  in  the 
ground-plan  numbers  of  some  radial  type  will  be  found  amenable  to 
expérimental  tests.  Hère  the  problem  may  be  found  in  a  somewhat 
simplified  form  on  account  of  the  élimination  of  sériai  differentiation. 

One  most  interesting  class  of  characters  remains  untouched.  I 
refer  to  right-  and  left-handedness.  I  can  form  no  surmise  as  to  the 
laws  which  will  govern  the  descent  of  thèse  characters.  From  Mayer's 
observations  on  Partula  we  learn  that  parents  of  either  twist  may 
bear  young  of  either  twist.    The  numbers  in  the  uteri  were  so  small 


FACTS  LIMITING  THE  THEORY  OF  HEREDITY       317 

that  the  absolute  nnmbers  were  insio;nifîcant,  and  it  may  be  an  accident 
that  no  mixture  of  types  was  found  in  any  one  utérus.  Direction  of 
twist  is  a  fundamental  nieristic  phenorncnon,  being,  as  Crainpton 
and  Conklin  liave  proved,  determined  as  early  as  tlie  first  cleavage 
plane;  and  great  liglit  on  the  problem  of  cell-division  niight  perliaps  l)e 
obtained  if  the  inheritances  of  thèse  (Utterences  could  be  deteriuined. 
The  only  case  we  hâve  studied,  that  of  ^Nledicago,  in  which  the  fruits 
are  right-  or  left-spirals  according  to  species,  proved  unworkable, 
perhaps  on  account  of  the  minute  size  of  the  flower  and  the  roughness 
of  the  manipuhitions. 

I  must  now  refer  to  the  one  positive  case  alhided  to  al)ove,  in 
which  a  chromosome  différence  has  been  proved  to  be  associated  with 
a  somatic  différence.  McChmg,  studying  the  accessory  chromosome 
first  observed  by  Henking  w-as  the  first  to  insist  on  its  importance. 
H'e  showed  that  in  certain  insects  half  the  sperms  hâve  it  and  lialf  are 
without  it.  This  fact  led  him  to  make  the  natural  suggestion  that  the 
structure  might  be  concerned  in  the  differentiation  of  sex.  This 
suggestion  has  been  shown  by  Wilson  to  be  correct,  but  the  accessory 
body  proves  to  be  the  peculiarity  of  the  sperms  which  are  destined  to 
form  Jcmalcs,  not  of  those  which  will  form  maies,  as  had  been  previ- 
ously  supposed.  It  was  with  no  ordinary  feelings  of  pleasure  that  in 
the  past  week  many  of  us  in  Woods  Holl,  and  again  the  large  audience 
assembled  in  this  room,  beheld  the  fine  séries  of  photographs  which  so 
amply  demonstrate  Wilson's  far-reaching  discovery. 

The  definiteness  of  the  facts  is  évident  beyond  ail  question,  and 
whether  the  accessory  body  is  in  thèse  types  the  "cause"  of  femaleness 
or  only  associated  with  that  cause,  we  hâve  at  last  the  long-expected 
proof  that  sex  is  determined  in  the  germ-cells,  so  far  as  thèse  spécifie 
cases  are  concerned.  In  those  cases  we  may  even  go  farther  and 
déclare  that  the  female  is  homozygous  in  femaleness,  while  the  maie 
is  heterozygous  in  sex.  Such  a  resuit  accords  well,  I  think,  with  the 
gênerai  conclusions  to  which  breeding  experiments,  on  the  whole, 
point.  For  though  great  disparities  between  the  proportion  of  the 
sexes  occur  in  certain  matings,  thèse  disparities  seem  to  be  obliterated 
in  succeeding  générations.  If  the  one  sex  were  homozygous  and  the 
other  heterozygous,  such  impermanence  of  the  divergences  is  what 
we  might  naturally  expect.^ 

Of  course,  the  association  of  sex-distinction  with  an  accessory 
chromosome  is  admittedly  a  peculiarity  of  certain  types,  but  science 
proceeds  by  the  discovery. of  prérogative  instances,  of  which  surely 
this  notable  illustration  will  long  be  remembered. 

*  In  thèse  remarks  I  hâve  of  course  in  view  the  case  where  the  actual  number 
of  the  two  sexes  shows  strange  departures  from  equaUty.  The  phenomena  recordeJ 
by  Doncaster  in  AJyraxas  grossulariata  and  by  Standfuss  in  Agita  tau,  where  the 
proportions  of  the  sexes  belonging  to  two  varietal  types  followed  pecuUar  but  con- 
sistent Systems,  are  evidently  to  be  referred  to  the  effects  of  coupUng,  as  Doncaster 
has  shown. 
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While  knowledge  lias  of  late  progressed  so  rapidly  in  regard  to 
many  genetic  phenomena,  we  still  know  next  to  nothing  of  the  facts 
relating  to  the  incidence  of  partial  sterility  among  heterozygous  forms. 
Guyer  foimd  that  the  abnormality  of  which  the  sterility  of  hybrid 
pigeons  is  the  expression  begins  in  the  réduction-division  and  is 
apparent  as  an  entangleraent  of  the  chromosomes  which  fail  to  divide. 
In  many  cases  sterility  is  partial;  and  for  example,  a  proportion  of 
good  pollen-grains  occurs  mixed  with  the  aborted  grains.  Fuller 
examination  of  thèse  cases  would  probably  lead  to  interesting  results. 

In  selecting  facts  which  tend  to  limit  our  outlook  on  the  phenomena 
of  heredity  I  hâve  naturally  chosen  to  speak  rather  of  features  which 
are  positive  and  mutually  consistent  than  of  the  many  négative  and 
thus  far  confîicting  items  of  évidence  which  must  perhaps  one  day  be 
allowed  their  weight.  The  real  value  of  thèse  négative  and  fréquent 
doubtful  observations  is  as  yet  so  uncertain  that  they  must  be  regarded 
rather  as  hints  to  be  followed  in  the  pursuit  of  facts  than  as  facts 
already  ascertained. 

Allelomorphism,  as  we  are  becoming  more  and  more  disposed  to 
believe,  consists  in  the  séparation  of  a  positive  something  from  the 
absence  of  that  something.  More  correctly,  perhaps,  we  should  say 
that  the  thing  which  conveys  a  certain  power  segregates,  leaving  in 
that  cell-division  no  représentative  of  that  power  behind.  This 
allelomorphism  is  the  one  fact  of  which  we  hâve  the  clearest  proof.  It 
may  govern,  as  we  hâve  seen,  features  of  the  utmost  diversity.  What 
then  is  that  allelomorphism  ?  An  essential  phenomenon  of  cell-divi- 
sion, it  is  not  :  for  in  homozygous  organisms  the  products  of  division 
are  alike.  Any  theory  of  heredity  must  include  and  recognize  both 
thèse  two  kinds  of  division  in  its  purview.  We  seek  vainly  as  yet  for  a 
scheme  by  which  thèse  two  sorts  of  division  may  be  represented. 

I  do  not  l-aiow  that  analogy  is  helpful  in  thèse  cases,  but  in  my  own 
mind  I  sometimes  remember  in  this  connection  that  the  somatic  divi- 
sions themselves  are  also  of  two  types.  There  are  segmentations 
which,  as  in  radial  animais  or  bilatéral  animais,  divide  similar  parts 
from  each  other,  and  there  are  also  the  sériai  divisions  by  which  séries 
of  differentiated  segments  are  produced.  It  seems  to  me  just  possible 
that  the  heterogeneity  among  the  differentiated  segments  may  hâve  some 
point  of  real  resemblance  to  the  heterogeneity  of  allelomorplis.  I  sug- 
gest  this  comparison  with  only  a  faint  hope  that  it  may  prove  sound. 

Lastly,  any  scheme  of  heredity  must  be  able  to  recognize  the 
possibility  of  gametic  coupling  between  allelomorphs  belonging  to 
distinct  pairs,  and  though  few  such  couplings  hâve  yet  been  proved, 
we  hâve  good  reason  to  believe  that  yet  other  Systems  of  couplings  of 
much  higlier  complexity  exist. 

Loeb  encourages  us  to  look  to  chemistry  for  the  fulfilment  of 
our  hopes,  and  often,  as  in  the  case  of  the  sweet  peas,  of  which  I  hâve 
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spoken,  we  corne  very  near  indeed  to  something  like  simple  chemical 
phenomena.  Of  chemistry  I  know  little,  but  1  would  ask  those  who 
are  experts  in  chemistry  whether  it  is  in  harmony  witli  chemical  con- 
ceptions that,  in  ail  the  range  of  characters  with  which  we,  hreeders, 
hâve  dealt,  no  phenomenon  suggestive  of  valency  hetvveen  characters 
ha  s  been  observed.  Evervvvhere  we  meet  the  fact  that  on  an  avéra  «re 
the  number  of  germ  cells  in  which  our  allelomorphs  are  présent  is  the 
same  as  the  number  in  which  thèse  allelomorphs  ai'e  absent.  What- 
ever  the  kind  of  characters  concerned,  equality  of  mmiber  is  the  rule. 
While,  therefore,  we  see  very  readily  that  the  opérations  of  the  allelo- 
morphs are  due  to  chemical  action,  allelomorphism  itself  cannot  be 
expected  to  prove  a  chemical  phenomenon  in  any  simple  sensé. 
Allelomorphism  is  rather  to  be  compared  to  the  séparation  of  sub- 
stances which  will  not  mix,  and  it  is  not  impossible  then  in  some  of  our 
more  complex  cases  we  are  concerned  with  varions  phenomena  of 
imperfect  mixture.  The  elucidation  of  this  part  of  the  subject  must 
be  left  to  the  physicist. 

I  can  not  conclude  w-ithout  expressing  something  of  the  delight 
which  I  feel  that  biologists  are  at  length  devoting  themselves  in  good 
earnest  to  genetic  problems. 

To  those  whose  memories  go  back  even  to  the  International 
Congress  of  1898  in  Cambridge  the  change  is  indeed  amazing.  Then 
we  spoke  little  of  genetics  —  little,  that  is  to  say  aloud,  or  in  officiai 
programs,  though  under  our  breath  some  of  us  were  murnuiring  of 
thèse  thin";s.  In  this  Congress  the  voices  that  we  dared  not  raise  in 
1898  are  rather  in  danger  of  hoarseness  frora  too  much  speaking.  But, 
seriously,  we  students  of  genetics  may  look  forward  to  the  future  with 
great  confidence  and  hope.  Those  who  next  week  will  see  Professer 
Davenport's  magnificent  institution  at  Cold  Spring  Harbor  will  appre- 
ciate  that  a  wonderful  and  most  hopeful  beginning  has  been  made. 
The  work  of  Professor  Davenport  and  his  staff,  of  Professor  Castle,  at 
Harvard,  of  Professor  Tower,  at  Chicago,  and  of  others  I  might  name, 
are  ail  évidences  that  a  great  and  combined  advance  has  begun.  We 
in  Europe  will  bear  our  part  also,  and  if  we  hâve  not  any  very  fine 
equipment  we  must  console  ourselves  with  the  thought  that  light- 
armed  troops  may  move  the  faster  for  a  while.  With  their  base  on  Cold 
Spring  Harbor,  or  Woods  Holl  and  the  Biologische  Versuchsanstalt  in 
Vienna,  the  allied  armies  of  genetics,  cytology  and  expérimental  zoology 
start  for  the  grand  attack;  and  I  think  when  we  meet  at  the  end  of 
another  period  of  ten  years,  there  will  be  victories  to  record. 


PRO    GERMINAL   SELECTION 
J.  ARTHUR  THOMSON 

The  aim  of  this  short  communication  is  to  put  in  a  plea  for  the 
hypothesis  of  germinal  struggle  and  sélection,  which  perhaps  deserves 
more  considération  than  it  seems  to  hâve  received. 

In  gênerai  terms,  the  theory  which  Weismann  suggested  in  1895 
is  an  extension  of  the  biological  concept  of  "struggle"  to  the  unit 
éléments  of  the  germ-plasm.  There  is  inter-societary  struggle,  e.  g. 
among  ants  and  among  men;  there  is  "personal"  struggle  in  many 
forms;  there  is  intra-organionial  or  histonal  struggle,  a  compétition 
among  organs,  tissues,  and  cells.  Weismann  proposed  to  extend  the 
formula  further  —  he  pictured  a  struggle  even  in  the  penetralia  of 
the  germ-plasm. 

Although  Weismann  does  not  favor  the  idea,  it  may  be  useful 
to  interpolate  a  form  of  struggle  and  sélection  between  histonal  sélec- 
tion and  germinal  sélection.  There  may  be  a  struggle  among  the 
germ-cells  as  such. 

(1)  There  is  a  well-known  struggle  between  potential  ova,  clearly 
illustrated  in  Hydra  and  Tubularia,  where  only  one  egg-cell  usually 
survives  out  of  a  numerous  sisterhood.  This  reminds  us  of  the  strug- 
gle among  sister  queen-bees.  (2)  There  is  a  kind  of  struggle  among 
the  hundreds  of  spermatozoa  in  their  race  towards  the  ovum.  AUow- 
ing  a  margin  for  chance,  the  most  vigorous  and  sensitive  spermatozoa 
will  tend  to  succeed,  and  this  will  be  for  the  advantage  of  the  species. 
We  are  quaintly  reminded  of  the  race  between  drones  to  overtake 
the  queen  in  her  nuptial  flight.  (3)  There  may  also  be  a  struggle 
between  ova  and  spermatozoa,  if  it  be  true  as  Iwanzofï  and  others 
report  that  young  ova  may  sometimes  literally  digest  intruding  sperms  ; 
if  it  be  true,  as  Maupas  reports,  that  in  Rhabditis  and  some  other 
nematodes  only  the  first  third  of  the  ova  can  be  fertilized,  there 
being  no  sperms  left  for  the  two  thirds  produced  later. 

Our  point  is  that  the  visible  struggle  among  gamètes,  and  the  fre- 
quently  discriminate  nature  of  the  ensuing  sélection,  leads  us  natu- 
rally  to  germinal  sélection  which  deals  with  the  wholly  invisible. 

Weismann's  theory  is  familiar  and  need  not  be  restated.  The 
essential  features  are  :  (a)  that  the  germ-plasm  consists  of  an  army 
of  living  déterminants,  each  kind  of  déterminant  being  présent  in 
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multiplicate  ;  (6)  that  thèse  hâve  the  capacity  of  feeding,  growing, 
and  multiplying;  (c)  that  they  vary  in  vigor  and  assimilating  power; 
and  [d)  that  a  stniggle  and  sélection  ensues.  "If  the  gerni-pUism  be 
a  System  of  déterminants,"  he  says,  "  then  the  same  laws  of  struggle  for 
existence  in  regard  to  food  and  muUiphcation  must  hold  sway  among 
its  parts  that  hold  sway  in  ail  Systems  of  vital  units, —  among  the 
biophors  which  form  the  protoplasm  of  the  cell-body,  among  the  cells 
of  a  tissiie,  among  the  tissnes  of  an  organ,  among  the  organs  them- 
selves,  as  well  as  among  the  individiials  of  a  species  and  between 
species  which  compete  with  one  another."  At  this  point  I  may  note 
that  the  whole  theory  is  of  course  iintenable  if  we  reject  altogether 
the  concept  of  représentative  vital  units.  But  surely,  in  spite  of  Delage 
and  others,  this  concept  has  come  to  stay.  Whether  we  take  De  Vries's 
]\Iutation  theory,  or  the  IMendelian  theory  of  the  ségrégation  of  charac- 
ters  in  the  gamètes,  we  are  led,  as  on  Weismann's  view,  to  a  theoretical 
conception  of  elementary  units.  Similarly,  the  late  W.  F.  R.  Weldon, 
in  referring  to  Galton's  Law  of  Ancestral  Inheritance,  noted  that  this 
theory  postulâtes  the  présence  of  active  or  dominant  and  latent  or 
récessive  éléments. 

In  many  cases,  it  seems  to  us,  some  form  of  Galton's  Law  fîts  the 
facts  statistically,  and  we  believe,  therefore,  that  it  applies  approxi- 
mately  to  a  certain  number  of  individual  cases.  Its  gênerai  idea  of 
the  inheritance  as  a  living  mosaic  is  the  same  as  Weismann's  theory 
of  ancestral  plasms.  It  is  interesting  to  notice  that  Galton  really 
seems  to  go  further,  and  to  picture  a  germinal  struggle.  "It  would 
seem,"  he  says,  "  that  while  the  embryo  is  developing  itself ,  the  particles 
more  or  less  qualified  for  each  post  wait,  as  it  were,  in  compétition  to 
obtain  it.  Also  that  the  particle  that  succeeds  must  owe  its  success 
partly  to  accident  of  position,  and  partly  to  being  better  qualified  than 
any  equally  well-placed  competitor  to  gain  a  lodgment." 

As  is  well  known,  Weismann  supposed  that  when  a  déterminant 
corresponding  to,  let  us  say,  a  useless  structure  varies  in  a  minus 
direction  (through  the  intragerminal  fluctuations  of  nutrition),  it 
finds  itself  on  an  inclined  plane,  along  which  it  glides  very  slowly, 
but  steadily  downwards.  The  déterminant  whose  assimilative  power 
is  weakened  by  ever  so  little  is  continually  being  robbed  by  its  neigh- 
bors  of  a  part  of  the  nourishment  that  flows  towards  it,  and  must 
consequently  become  further  weakened.  On  the  other  hand,  when 
Personal  sélection  favors  the  increase  of  a  useful  part,  i.  e.  favors 
individuals  whose  inheritance  includes  strong  déterminants  of  that 
part  varying  in  a  plus  direction,  then  the  internai  struggle  backs  up 
the  external  sifting.    In  short,  nothing  succeeds  like  success. 

I  need  not  follow  the  theory  into  its  subtleties.  I  need  simply 
recall  how  Weismann  emphasizes  the  following,  among  other,  ad- 
vantages.  It  suggests  an  interior  mechanism  which  interprets  the 
occurrence  of  definitely  directed  variations,  the  occurrence  of  appro- 
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priately  useful  variations  at  the  right  place  and  time,  the  diminution 
of  organs  below  the  level  reached  by  personal  sélection  or  its  cessation 
(panmixia),  the  occasional  exaggeration  of  organs  beyond  the  Umits 
of  demonstrable  utility,  the  simuUaneous  occurrence  of  many  similar 
variations,  and  so  on.  Is  it  not  ail  written  in  the  lectures  on  the  ]îvo- 
lution  Theory  ?  The  question  is  whether  the  idea  is  a  clarifying  con- 
cept.    Do  its  advantages  outweigh  the  difficulties  ? 

(A)  It  has  been  objected  that  the  whole  concept  of  germinal  sélec- 
tion is  visionary  and  unverifiable.  But  the  same  may  be  said  of  many 
clarifying  scientific  concepts.  The  point  is,  does  this  hypothetical 
construction  enable  us  to  interpret  the  facts  better,  does  it  harmonize 
with  visible  facts,  is  it  consistent  with  what  we  know  of  the  behavior 
of  observable  livino-  units  ?  We  think  the  answer  should  be  in  the 
affirmative.  The  concept  of  germinal  sélection  deals  with  an  invisible 
world,  but  it  helps  us  to  understand  such  facts  as  the  dwindling  of 
vestigial  organs,  the  definiteness  of  variation,  the  excessive  growth 
of  more  or  less  indiffèrent  parts,  the  persistence  of  indiffèrent  mal- 
formations, for  a  limited  number  of  générations. 

(B)  It  has  been  objected  that  we  cannot  think  of  déterminants 
struggling  for  food.  But  why  not  ?  Size  is  an  irrelevant  considération. 
The  germ-cells  in  the  ovary  of  Hydra  devour  one  another  just  as  really 
as  the  embryos  of  the  dog-whelk  in  their  egg-capsules  on  the  shore, 
just  as  really  as  the  locusts  in  a  swarm.  If  there  is  compétition  among 
cells,  why  not  among  the  chromosomes  within  the  cell,  why  not 
among  the  déterminants  within  the  chromosomes? 

But  is  not  the  supply  of  food  brought  by  the  vascular  fluids  always 
more  than  sufficient  ?  Who  can  tell  ?  Let  us  think  of  the  légions 
upon  légions  of  ova  in  many  an  ovary,  e.  g.  of  fishes.  Moreover,  it 
by  no  means  follows  that  ail  the  food  supplied  is  equally  appropriate, 
or  that  ail  the  homologous  déterminants  are  equally  able  to  get  it 
and  use  it.  As  Weismann  says,  an  observer  from  the  moon  might 
infer  from  the  food-supplies  continually  pouring  into  Berlin  that  it 
was  quite  impossible  that  any  inhabitant  should  not  hâve  more  than 
enough. 

(C)  The  third  objection  is  that  the  theory  is  quite  gratuitous, 
sinc3  the  results  of  évolution  can  be  interpreted  without  this  extension 
of  the  selection-process  into  the  invisible  microcosm  of  the  germ-plasm. 
In  answer  to  thess  three  objections,  I  must  refer  to  Weismann's 
original  essays  and  later  lectures  on  germinal  sélection. 

Prof.  T.  H.  Morgan  writes  :  "  Weismann  has  piled  up  one  hy- 
pothesis  on  another  as  though  he  could  save  the  theory  of  natural 
sélection  by  adding  new  spéculative  material  to  it.  The  most  unfor- 
tunate  feature  is  that  the  new  spéculation  is  skilfully  removed  from 
the  field  of  vérification,  and  invisible  germs,  whose  sole  functions  are 
those  which  Weismann's  imagination  bestows  on  them,  are  brought 
forward  as  though  they  could  supply  the  deficiencies  of  Darwin's 
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theory.  This  is,  indeed,  the  old  method  of  the  pliilosophizers  of  nature. 
.  .  .  The  worst  feature  of  the  situation  is  not  so  much  that  Weismann 
has  advanced  new  hypothesis  unsupported  by  expérimental  évidence, 
but  that  the  spéculation  is  of  such  a  kind  that  it  is,  from  its  very  nature, 
unverifiable,  and  therefore  useless." 

Thèse  are  hard  words,  but  I  am  not  sure  that  tliey  are  so  scien- 
tific  as  they  sound.  IMost  of  us  believe  in  Natural  Sélection,  and  yet 
even  the  attempts  to  verify  the  theory  are  few  and  far  between.  I 
need  hardly  mention  the  unverifiable  nature  of  many  fruitful  physical 
hypothèses,  such  as  that  of  the  ether.  It  would  be  more  to  the  point 
to  show  that  Weismann's  imaginative  picture  of  what  may  go  on 
within  the  microcosm  of  the  germ-plasm  is  in  any  way  contradictory 
to  known  biological  results.  The  point  is  whether  the  hypothesis 
helps  us  to  redescribe  any  of  the  puzzling  phenomena  of  inheritance, 
in  terms  of  a  process  which  is  simply  a  logical  extension  of  the  sélec- 
tive processes  known  to  occur  at  many  other  levels. 

A  Suggestion.  —  Accepting  the  concept  of  représentative  particles 
in  the  germ-plasm,  which  seems  to  us  almost  demanded  by  the  facts 
of  particulate  inheritance  alone,  and  postulating  some  sort  of  germinal 
struggle  among  thèse  living  units,  which  seems  to  us  warranted  by 
what  we  know  of  the  behavior  of  visible  living  units,  —  it  seems  at 
least  interesting  to  ask  whether  we  need  Hmit  the  conception  of  ger- 
minal struggle  to  a  compétition  between  homologous  déterminants, 
as  Weismann  always  does. 

In  Personal  sélection,  there  are  three  types  of  struggle,  classified 
according  to  the  parties  involved, —  (a)  between  kindred  or  ho- 
mologous organisms,  (6)  between  organisms  which  are  not  akin,  and 
(c)  between  organisms  and  the  environment.  Logically,  we  may 
look  for  the  same  three  modes  of  struggle  in  the  course  of  germinal 
sélection.  They  might  be  illustrated  (a)  by  struggle  between  maternai 
and  paternal,  or  between  parental  and  grand-parental  homologous 
déterminants  of  a  single  determinate  ;  (6)  by  struggle  between  déter- 
minants of  quite  différent  kinds,  e.  g.  between  déterminants  of  the 
notochord  and  those  of  its  more  effective  substitute,  the  backbone; 
and  (c)  by  struggle  between  ail  or  any  of  the  déterminants  and  a 
disturbing  external  influence,  such  as  some  toxin  in  the  parents'  blood, 
or  some  change  in  the  osmotic  conditions  of  the  sea-water. 

Testing  the  Theory.  —  The  progressive  course  seems  to  be  to 
take  sets  of  facts  from  différent  fields,  and  to  see  whether  the  key 
which  Weismann  has  given  us  does  or  does  not  fit. 

(1)  There  is  the  familiar  fact  of  the  difficulty  —  in  most  cases, 
the  impossibility  —  of  predicting  the  resuit  of  pairing  two  organisms. 
We  hâve  Galtonian  and  IMendelian  prédictions  sometimes  justified 
on  the  average,  but  how  often  the  individual  resuit  seems  anomalous, 
—  just  what  we  should  expect  if  germinal  struggle  is  a  reality. 

(2)  There  is  the  familiar  fact  of  prépondérant  or  exclusive  inherit- 
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ance.  If  we  suppose  that  ovum  and  spermatozoôn  hâve  eacli  a  com- 
plète organization  of  hereditary  qualities,  and  that  the  fertilized  ovum 
has  déterminants  for  particular  structures  from  both  parents  and 
from  the  ancestors  of  both  parents,  may  we  not  interpret  the  heredi- 
tary expression  of  only  one  set,  bv  siipposing  that  there  is  a  struggle 
for  expression  between  the  varions  sets,  —  a  struggle  in  which  the 
most  vigorous  hâve  for  the  time  the  mastery? 

(3)  In  the  successive  children  of  a  large  family  there  is  sometimes 
an  int^resting  change  in  the  direction  of  prépondérance.  Suppose  a 
virile  middle-aged  father  and  a  much  younger  mother;  the  older 
children  may  be  markedly  of  the  paternal  type,  the  younger  as  mark- 
edly  maternai.  Suppose  germinal  struggle  to  occur  before,  during, 
and  after  fertilization  ;  recall  the  fact  that  the  ova  tend  to  be  more 
stable  than  the  spermatozoa,  being  formed  and  to  some  extent  fixed 
in  very  early  days,  while  the  spermatozoa  continue  to  appear  in  crop 
after  crop.  At  first  there  is  a  victory  on  the  part  of  the  déterminants 
of  the  relatively  prepotent  father;  but  gradually,  in  his  post-mature 
spermatogenesis,  there  is  a  weakening  of  paternal  déterminants  such 
that  in  fertilization  those  from  the  mother  hâve  now  a  better  chance 
of  asserting  themselves.  Naturally  enough,  the  Benjamin  is  the 
image  of  his  mother,  and   after  his  father's   own  heart. 

(4)  Take  one  or  two  results  of  experiment.  Prof.  Cossar  Ewart 
relates  that  a  very  young  pigeon  of  hooded  or  frilled  breed,  mated 
with  an  old  one,  had  at  first  smooth-headed  and  smooth-breasted 
young,  while  those  of  later  broods  had  the  specialized  characteristics. 
May  this  not  mean  that  in  the  too  young  ova  the  more  novel  déter- 
minants yield  to  old-fashioned  combi nations.  After  a  period  of 
nutrition,  however,  they  become  strong  enough  to  assert  themselves, 
strong  enough  to  be  prepotent  even  when  the  pigeon  is  crossed  with 
another  breed.  Both  in  rabbits  and  sea-urchins  there  is  a  relation 
between  the  direction  of  prépondérance  and  the  relative  ripeness  or 
staleness  of  the  ova  and  spermatozoa.  ^lay  not  this  be  reasonably 
interpreted  in  terms  of  a  déterminant  struggle? 

(5)  As  to  the  détermination  of  sex  everthing  seems  to  point  to  the 
différend ation  of  two  kinds  of  germ-cells  (ova,  at  least)  with  ten- 
dencies  towards  developing  into  sperm-producers  or  maies,  and  egg- 
producers  or  females.  Perhaps  this  primarily  means  a  cytoplasmic 
bias  in  the  régime  of  metabolism,  a  slight  altération  in  the  "physiologi- 
cal  gearing."  When  the  time  for  expression  arrives,  may  there  not  be 
a  kind  of  germinal  struggle  between  analogous  féminine  and  mascu- 
line déterminants,  the  issue  of  which  décides  which  are  to  find  expres- 
sion in  development,  and  which  are  to  remain  latent? 

(G)  In  Mendelian  inheritance  we  hâve  to  face  the  difficulty  of 
the  ségrégation  of  the  gamètes  into  two  camps.  How  does  each  set 
separate  from  its  incompatible  neighbor  set  ?  Is  there  a  differential 
division   leading  to   the  establishment  of  pure  potential  dominant 
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gamètes  and  pure  potential  récessive  gamètes?    May  it  not  be  an 
expression  of  a  struggle  between  opposed  alternative  déterminants? 

(7)  If  a  ségrégation  of  pure  gamètes  be  not  assumed,  if  tlie  gamètes 
are  ail  of  one  kind,  dominant  primary  constituents  gaining  the  ascend- 
ancy  in  some,  récessive  primary  constituents  gaining  the  ascendancy 
in  others,  —  may  not  this  be  the  outcome  of  a  real  struggle  among 
homologous  déterminants,  resulting  in  a  victory  hère  for  the  domi- 
nants, there  for  the  récessives,  and  in  a  sort  of  compromise  in  a  third 
set  ?  ]May  not  a  practical  purity  of  the  gamètes  be  attained  througli 
germinal  sélection  ? 

(8)  If  We  take  IVIr.  Hurst's  beautiful  experiments  in  crossing  gray 
and  albino  rabbits  —  a  triumph  of  experiment  on  heredity  —  \ve  find 
him  saying:  "The  particular  color  of  a  rabbit  or  mouse  is  not  a 
simple  character  depending  on  the  présence  of  a  single  factor,  but  a 
double  one,  depending  on  interaction  between  one  factor  and  anotlier, 
each  factor  being  transmitted  independently  in  heredity."  It  seems 
to  us  that  statements  like  this  land  us  in  close  approximation  to  ^Yeis- 
mann's  gênerai  idea  of  germinal  struggle  and  sélection. 

(9)  Finally,  may  I  submit  that  if  the  hypothesis  of  a  struggle 
among  déterminants  be  legitimate,  then  we  see  our  way  to  a  somewhat 
less  indefinite  hypothesis  as  to  the  conditions  of  variation  than  is 
suggested  by  saying  that  nutritive  or  other  changes  in  the  germinal 
environment  provoke  oscillations  in  the  architecture  of  the  germ- 
cells,  and  a  more  vital  hypothesis  than  is  suggested  by  the  idea  of  a 
shuffling  of  the  chromosome-cards  in  maturation  and  amphimixis. 
Again,  we  hâve  a  Mutation-Theory,  but  no  Theory  of  Mutations. 
Perhaps  it  may  be  found  provisionally  in  the  hypothesis  of  germinal 
struggle  and  sélection. 

If  there  are  déterminants;  if  they  feed,  grow,  multiply,  and  vary; 
if  there  are  inequalities  amongst  them,  as  there  may  well  be,  since 
some  are  older  and  others  younger,  and  many  hâve  had  différent 
historiés,  then  there  may  be  a  struggle  amongst  them  such  that, 
as  in  the  wide  world  of  nature,  the  weaker  may  go  to  the  wall,  the 
relatively  fitter  may  survive,  and  ail  manner  of  subtle  mutual  adjust- 
ments  may  be  arrived  at.  I  know  that  ail  this  is  apt  to  become  very 
anthropomorphic  spéculation,  but  then  the  déterminants  are  alivc. 
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The  sex  cells  being  ancestors,  so  to  speak,  of  ail  that  great  variety 
of  cells  which  constitutes  the  fully  developed  organism,  and  maintain- 
ing  an  indépendant  existence  for  a  considérable  period,  in  which  they 
undergo  marked  changes  in  form,  offer  exceptional  opportunities  for 
the  study  of  the  life  phenoraena  of  cells  in  gênerai. 

While  it  is  definitely  settled  that  there  can  be  no  real  génération 
of  sex  cells,  they  being  only  a  dift'erentiation  of  a  continuons  germ 
plasm,  they  do  pass  through  a  formative  stage,  and  besides  offer 
opportunities  for  study  of  many  problems  that  are  yet  obscure  and 
unsettled. 

Among  those  problems  may  be  mentioned:  (1)  their  mode  of 
specialization  from  a  comparatively  homogeneous  germ  plasm;  (2) 
the  problem  of  cell  multiplication;  (3)  the  problems  of  nutrition, 
metabolism,  digestion,  and  assimilation;  (4)  the  conditions  of  their 
healthy  development  and  growth;  and  (5)  the  probable  causes  and 
conditions  of  disease,  death,  and  decay. 

Since  the  sex  cells  are  destined  for  a  considérable  period  of  growth 
and  life  as  individual  cells,  and,  later,  for  a  social  life  among  their 
descendants,  they  contain  the  essentials  of  ail  those  factors  which 
underlie  ail  biological  problems,  including  morphology,  physiology, 
and  pathology. 

I  can  hère  refer  only  to  some  of  the  most  important  facts  relating 
to  thèse  problems  that  I  hâve  observed.  I  cannot  draw  ail  the  con- 
clusions thèse  observations  suggest,  nor  indicate  ail  the  bearings  they 
may  hâve. 

A  most  peculiar  mode  of  génération  of  germ  cells  is  found  in  the 
testis  of  the  butterfly,  Papilio  ridulus. 

The  developed  testis  is  a  double  organ,  spherical  in  shape,  of 
considérable  size,  and  of  a  bright  red  color.  It  lies  in  the  abdominal 
cavity,  below  the  tubular  heart,  between  the  sixth  and  eighth  ab- 
dominal segments. 

The  testis  arises  from  a  union  of  a  right  and  a  left  testis,  which  in 
the  embryo  are  separate  and  also  spherical.  But  later  they  approach 
each  other,  becoming  flattened  on  their  contiguous  sides,  leaving  a 
groove  externally  which  indicates  the  point  of  union  of  the  two 
halves. 

Each  of  thèse  halves  consists  of  four  follicles,  the  latter  being 
expansion  or  termination  of  a  small  duct,  which,  like  those  of  a  race- 
mose  gland,  is  a  brandi  of  a  single  larger  duct,  the  vas  deferens. 
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^Yithin  thèse  follicles  are  found  the  various  stages  of  sperm  cells, 
from  the  original  grandmother  stem  cell  to  the  fully  formed  sper- 
matocysts  and  spermatozoa. 

The  grandmother  stem  cell  seems  to  be  the  original  germ  cell, 
probablv  one  of  the  original  cleavage  cells,  which  in  this  case,  but 
also  in  many  other  forms,  takes  the  place  of  a  germinal  epithclium. 

Originally  each  half  testis  arises  as  an  expansion  of  the  gland  duct, 
having  at  first,  I  believe,  a  single  cavity,  which  later  becomes  parti- 
tioned  otf  into  four  chambers  or  follicles  by  the  growth  of  partitions. 

Within  this  original  chamber,  one,  two,  three,  or  four  cells  remain 
as  the  only  représentative  of  a  germinal  epithelium,  the  rest  of  the 
chamber  being  lined  by  a  pigmented  layer  of  indistinct  cells  to  which 
the  o;randmother  cells  are  somehow  attached.  As  the  follicle  enlaroes, 
the  original  grandmother  stem  cell,  of  which  there  is  only  one  in  each 
follicle,  remains  adhèrent  to  the  peripheral  wall. 

Origin  of  Spermatogones.  — The  grandmother  stem  cell  is  char- 
acterized  by  an  unusual  size  and  an  amoeboid  outline.  It  lias  a  large 
nucleus,  which  is  sometimes  regular  in  outline,  but  usually  lobed 
or  variously  constricted.  The  cytoplasm  is  homogeneous,  with  no 
trace  of  cytoreticulum  or  cytomicrosomes.  The  entire  surface  of 
the  cell  is  covered  with  long,  thin  protoplasmic  processes  or  strands, 
each  of  which  has  connected  with  its  peripheral  end  a  well-defined 
oval  cell  having  a  regular  nucleus  rich  in  chromatin.  I  hâve  called 
thèse  peripheral  cells  the  mothcr  branch  cells. 

Numerous  small  nuclei  are  imbedded  in  the  peripheral  proto- 
plasm  of  the  grandmother  stem  cell,  and  also  surround  the  proto- 
plasmic strands  or  pseudopodia. 

The  mother  branch  cells  divide  mitotically,  the  spindle  being 
always  in  the  long  axis  of  the  cell  and  vertical  to  the  surface  of  the 
grandmother  stem  cell. 

When  the  mother  branch  cell  divides,  the  proximal  half  remains 
attached  to  the  original  strand,  and  apparently  grows  to  its  original 
size,  when  it  divides  again  and  again, 

The  distal  half  becomes  entirely  separated  off  after  division,  and 
at  the  same  time  one  or  more  of  the  mantle  nuclei  is  pinched  off 
with  it.  Thèse  two  cells  are  the  anlage  of  the  gonocyst,  —  the  one 
by  repeated  division  giving  rise  to  the  spermatogones,  the  attached 
mantle  nuclei  giving  rise  to  the  cyst  cells. ^ 

In  this  way,  the  original  grandmother  stem  cell  becomes  the  center 
of  a  group  of  gonocysts  ranging  ail  the  way  from  a  single  spermatogone, 
with  its  accompanying  cyst  nucleus,  to  cysts  of  fifty  or  a  hundred  or 
more  spermatogones.  Thèse  being  entirely  free  from  the  original 
grandmother  stem  cell,  move  away  as  the  new  cysts  develop,  and 
become  arranged  along  the  outer  walls  of  the  follicles,  where  they 

'  Munson,  Sperm atogenesis  of  the  Butterfly  {PapUio   rutulus),  Proceedings, 
Boston  Soc.  Natural  History,  33,  No.  3. 
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are  gradually  transformed  into  cytocysts  and  spermatocysts  contain- 
ing  mature  spermatozoa. 

Homology  of  the  Grandmother  Stem  Cell.  —  If  the  grand- 
mother  stem  cell  with  its  mimerons  mother  branch  cells  be  compared 
with  the  egg  and  its  follicle  in  the  same  insect,  they  are  found  to  be 
strikingly  similar.  The  four  follicles  of  a  testis  evidently  correspond 
to  the  four  egg  tubes  found  in  the  ovary.  Both  the  cytoplasm  and 
the  nucleus  of  the  grandmother  stem  cell  resembles  closely  the  ova- 
rian  egg.  Indeed  this  peculiar  cell  is  so  much  like  an  egg  sur- 
rounded  by  a  follicle,  that  if  one  did  not  know  he  was  examining  a 
testis,  he  would  at  once  recognize  it  as  an  ovarian  egg. 

In  the  ovary  the  young  growing  eggs  may  be  seen  to  hâve  a  similar 
relation  to  the  follicle  cells,  being  connected  with  them  by  délicate 
protoplasmic  fibers  proceeding  from  the  periphery  of  the  egg.  One 
is  therefore  tempted  to  express  the  following  conclusion,  which  it 
might  be  worth  while  to  bear  in  mind  in  studying  other  forms  ;  namely, 
the  o;randmother  stem  cell  in  the  maie  is  homoloeous  to  the  e<2'o;  in 
the  female  butterfly.  The  follicle  of  the  testis  is  homologous  to  the 
ovarian  tube  of  the  female  ;  while  the  mother  branch  cells  are  homol- 
ogous to  the  follicle  cells  of  the  ovary;  the  small  mantle  cells  which 
in  the  maie  give  rise  to  the  cyst  cells,  including  the  head-nurse  cell, 
are  homologous  to  the  so-called  food  cells  of  the  insect  ovary. 

If  this  is  true,  then  the  différence  between  the  maie  and  the  female 
lies  in  the  fact  that  in  the  maie  the  follicle  cells  (mother  branch  cells) 
multiply  and  give  rise  to  the  sperm  cells;  while  the  grandmother  cell, 
instead  of  multiplying  by  division  as  does  the  egg,  lias  lost  this 
power,  having  assumed  the  function  which  the  follicle  cells  perform 
in  the  ovary. 

Properly  considered,  this  is  not  so  impossible  as  at  fîrst  view  it 
may  appear.  I  hâve  found  in  the  ovary  of  the  tortoise  Cleniinys 
viarmorata  '  that  the  egg  and  the  follicle  cells  hâve  originally  the 
same  origin,  the  follicle  cells  being  sister  cells  of  the  egg,  and  aris- 
ing  with  the  egg  from  division  of  an  original  germ  cell  or  oogonium. 

While  in  the  ovary  the  follicle  cells  are  in  a  sensé  somatic  cells, 
as  regards  the  egg,  in  the  testis,  thèse  very  somatic  cells  are  the  germ 
cells,  which  by  multiplicacion  give  rise  to  spermatozoa.  The  great 
number  of  thèse  latter,  as  compared  with  the  eggs  that  are  required, 
are  thus  provided  for.  Possibly  we  may  hère  hâve  a  due  to  the  essential 
différence  between  the  maie  and  the  female  in  gênerai.  The  subject 
should  receive  further  investigation  in  other  forms. 

Division  of  Spermatogones.  —  During  division  of  the  sperma- 
togones,  a  spindle  is  formed  in  the  usual  way,  the  chromosomes 
being  spherical  and  twenty-eight  in  number. 

At  the  conclusion  of  division,  the  intermediate  fibers  of  the  spindle 

'  Miinson,  Researches  on  the  Oogenesis  of  the  Tortoise  (Clemmys  viarmorata), 
American  Journal  of  Anatomy,  3,  No.  3. 
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form  a  very  distinct,  spherical  nebenkern  lying  close  to  the  niicleus. 
In  normal  karyokinesis,  the  nebenkern  is  gradually  absorbed  by  the 
nucleus  as  it  expands.  The  spindle  is  formed  entirely  at  the  expense 
of  the  nucleus,  and  consequently  the  spindle  fibers  havc  a  nuclear 
origin.  On  the  reconstruction  of  the  nucleus,  this  fibrous  material 
of  the  spindle  is  again  absorbed  by  the  nucleus. 

Degeneration  of  Spermatogones In  many  cases  the  sperma- 

togones  of  a  cyst  fail  to  develop  into  spermatocytes.  There  is  an  arrest 
of  development,  which  ultimately  leads  to  death  and  decay  of  ail 
the  spermatogones  of  a  cyst.  In  such  cases  the  nuclei  fail  to  expand 
after  karyokinesis.  The  chromatin  then  always  lies  closely  packed 
into  a  solid  spherical  mass,  with  little  or  no  caryolymph  and  indis- 
tinct nuclear  membrane.  Apparently  the  chromatin  has  lost  the 
power  to  generate  the  caryolymph,  which  in  normal  mitosis  is  one  of 
the  principal  causes  why  the  nucleus  expands  again  into  a  new  nu- 
cleus, the  caryolymph  being  evidently  secreted  within  the  chromatin. 

The  ultimate  resuit  of  this  failure  of  the  chromatin  is  the  graduai 
disintegration  of  the  spermatogones  and  the  falling  to  pièces  of  the 
cyst. 

The  cysts  float  in  a  fluid  which  fills  the  follicles  of  the  testis,  and 
the  disintegrated  cvsts  become  diffused  throughout  this  fluid,  beino; 
at  least  partly  responsible  for  the  granules  it  contains.  It  seenis 
probable  that  this  serves  as  a  food  material  for  the  other  healthy, 
growing  cysts. 

If  we  connect  thèse  observations  with  some  other  forms  we  may 
find  some  trace  of  an  explanation  of  what  has  happened  in  the  case 
of  the  ptermatogones,  which  thus  die  before  reaching  maturity. 

In  the  ovary  of  Limulus  cases  are  frequently  found  where  eggs 
are  similarly  arrested  in  their  development.^  In  thèse  the  nucleus 
disappears  entirely,  and  the  cytoplasm  of  the  egg  becomes  crowded 
with  small  distinct  nuclei,  evidently  belonging  to  small  cells,  wander- 
ing  cells,  or  phagocytes.  While  thèse  nuclei  are  very  distinct,  I  hâve 
never  been  able  to  make  out  the  outlines  of  the  cell  body,  and  hâve 
had  considérable  difiiculty  in  convincing  myself  that  they  represent 
nuclei  belonging  to  cells  clistinctly  difîerentiated  from  the  rest  of  the 
egg  cytoplasm.  From  the  latter  the  yolk  granules,  at  first  apparently 
normal,  become  gradually  removed,  leaving  the  transparent  cyto- 
plasm of  the  egg,  in  which  the  nuclei  seem  to  be  imbedded,  in  an 
apparently  healthy  condition.  Even  the  egg  membrane  becomes  per- 
forated  and  crumbles  to  pièces,  till  finally  the  whole  egg  disappears. 
It  is  not  easily  decided  whether  the  numerous  nuclei  hâve  resulted 
from  fragmentation  of  the  egg  nucleus,  or  whether  they  are  the  nuclei 
of  the  cells  that  hâve  entered  the  egg  as  phagocytes  from  without. 
The  fact  that  such  eggs  become  surrounded  finally  by  numerous  cells 

^  Munson,  the  Ovarian  Egg  of  Limulus,  a  cotitribution  to  the  problem  of  the 
centrosonie  and  yolk  nucleus,  Journal  of  Morphology,  15,  Xo.  2,  1898. 
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may  signify  that,  instead  of  entering  the  egg  as  phagocytes,  they  are 
gradually  formed  from  the  egg  cytoplasm,  and  finally  become  wander- 
ing  cells.  At  any  rate,  phagocytes  seem  never  to  attack  eggs  with 
normal  nuclei  or  germinal  vesicle.  Everything  points  in  tliis  case, 
also,  to  the  fact  that  the  original  seat  of  the  trouble  is  in  the  nucleus. 

The  nucleus  of  the  egg  of  Limulus  is  generally  spherical  and 
large,  being  filled  with  a  hyaline  caryolymph  occupying  the  spaces 
between  the  chromatin  strands  of  the  nucleus. 

The  hyaline  caryolymph  in  this  case  cornes  regularly  from  a  large 
spherical  chromatin  nucleolus,  which  is  apparently  but  an  aggrega- 
tion  of  chromatin  substance.  Inside  this  chromatin  substance  there 
is  produced  a  fluid  which  accumulâtes  in  the  center  of  the  nucleolus, 
making  it  often  seem  like  a  great  vacuole  surrounded  by  a  thin  shell 
of  chromatin  substance,  as  if  the  latter  were  being  used  up  in  the 
manufacture  of  the  fluid. 

At  times  under  the  influence  of  reagents  the  fluid  of  the  vacuole 
hardens  into  a  spherical,  solid  body,  which  results  in  the  formation 
of  an  endonucleolus  which  stains  difîerently  from  the  nucleolus 
proper. 

It  can  be  shown  that  this  central  fluid  substance  is  extruded  from 
the  nucleolus  in  the  form  of  spherical  or  elongated  vesicles  contain- 
ing  a  fluid.  Thèse  vesicles,  on  being  extruded,  burst,  and  their  fluid 
contents,  constituting  the  caryolymph,  is  added  to  that  filling  the 
nucleus. 

Owing  to  the  production  of  this  caryolymph,  the  nucleus  becomes 
large  and  spherical.  But  it  does  not  remain  so;  munerous  cases 
occur  where  the  nucleus  lias  become  greatly  contracted  and  amoe- 
boid,  being  devoid  of  hyaline  caryolymph.  The  latter  is  then  found 
outside  the  nucleus,  making  a  clear  ring  around  it. 

This  clear  ring  gradually  becomes  granular,  apparently  through 
contact  with  some  substance  in  the  cytoplasm,  probably  crude  food 
material.  This  ring  then  breaks  up  or  flows  throughout  the  cytoplasm, 
giving  rise  to  the  yolk  nucleus. 

I  hâve  made  many  similar  observations  on  the  egg  of  the  tortoise, 
Clcmmys  marmorata,  where  thèse  substances  coming  out  from  the 
germinal  vesicle  are  very  évident,  and  where  their  transformation 
into  yolk  or  stored-up  food,  metaplasm,  is  quite  apparent. 

The  yolk  of  thèse  eggs  is  admittedly  food  material  stored  up  for 
the  future,  and  of  a  kind  easily  assimilated  as  the  developing  egg 
needs  it. 

The  part  which  the  nucleus  plays  in  the  formation  of  this  yolk 
is  therefore  clearly  suggested;  namely,  the  chromatin  through  the 
intervention  of  the  nucleolus,  where  this  is  essentially  chromatin,  by 
some  unknown  chemical  process,  produces  the  caryolymph  at  the 
expense  of  the  chromatin.  This  caryolymph  passing  out  from  the 
nucleus,  as  the  gastric  juice  is  discharged  from  the  cells  of  the  gastric 


GENERATION  AND  DEGENERATION  OF  SEX  CELI,S  331 

glands,  acts  in  some  way  chemically  on  the  crude  food  entering  the 
cell,  thus  digesting  it,  and  transforming  it  into  metaplasm,  —  a  forra 
which  can  be  stored  up  for  future  use  or  be  assimilated  at  once  into 
the  living  substance  of  the  cell. 

^Ye  are  therefore  brought  to  the  conclusion  that  the  nucleus  is  a 
digestive  organ,  serving  in  the  synthetic  metabolism  of  the  cell, — ^a 
function  without  which  the  nutrition  and  hence  the  life  of  the  cell  is 
impossible. 

That  death  of  the  cell  should  resuit  from  a  failure  of  the  chromatin 
to  perform  this  function  is  what  we  should  expect.  It  is  hardly  neces- 
sary  to  call  attention  hère  to  the  numerous  experiments  showing  that 
in  a  divided  cell  like  a  stentor  or  a  paramoecium,  that  half  containing 
the  nucleus  survives  and  régénérâtes,  while  that  half  which  is  de- 
prived  of  the  nucleus  disintegrates. 

It  is  often  obser'ved  that  amitosis  is  apt  to  occur  chiefly  in  cells  or 
tissues  that  are  approaching  dissolution,  such,  for  instance,  as  the  fol- 
licle  cells  of  the  ovary  after  the  eggs  are  mature.  It  may  not  be  so 
certain  that  such  cells  actually  disintegrate.  From  my  own  observa- 
tions I  hâve  good  reason  to  suspect  that  such  cells  after  having  been 
specialized  for  some  particular  work,  like  the  egg  of  Limulus,  may 
be  reconstructed  back  to  the  undifferentiated  state  by  nuclear  frag- 
mentation or  amitosis,  and  assume  the  character  of  leucocytes  or 
wandering  cells.  It  seems  not  impossible,  from  what  I  hâve  seen  in 
the  régressive  metamorphosis  of  the  egg  of  Limulus,  that  the  graduai 
absorption  of  the  larval  tail  of  a  tadpole  may  be  accomplished,  not  by 
phagocytes,  but  by  a  régressive  metamorphosis  of  the  tissue  cells  into 
the  more  primitive,  unspecialized  leucocytes  or  wandering  cells. 

From  the  médical  and  pathological  point  of  view,  it  is  important 
to  note,  too,  that  in  the  cases  mentioned  above  death  and  disintegra- 
tion  of  cells  may  be  due  entirely  to  intrinsic  causes;  that  germs  and 
phagocytes  attack  the  cells  after  they  hâve  died;  that  phagocytes 
remove  dead  cells  of  the  body  as  they  remove  other  foreign  bodies; 
that  the  cell  is  a  living  thing  carrying  on  the  vital  processes  of  diges- 
tion, assimilation,  and  reproduction;  and  that  an  essential  factor  in 
this  process  is  the  nucleus  which,  like  the  stomach  of  higher  forms,  is 
subject  to  abnormal  conditions  by  which  the  nutrition  of  the  whole 
cell  is  interfered  with,  and  starvation,  death,  and  disintegration  is  the 
resuit. 

Viewed  from  another  side,  we  see  even  the  germ  cells  engaged  in 
a  struggle  for  existence,  the  resuit  being  an  élimination  of  those  in 
any  way  defective  or  too  weak  to  maintain  themselves,  and  the  sur- 
vival  of  the  stronger,  against  whom  bacteria  and  phagocytes  do  not 
prevail. 


VERERBUNG   UND   CHEMISCHE    GRUNDLAGE    DER 
ZELLMECHANIK 

L.   RHUMBLER 

Meine  Herrschaften  :  Die  Thatsache,  dass  die  Vererbungser- 
scheinungen  vor  Allem  in  Form  korperlicher  Eigentumlichkeiten  zur 
Beobachtung  kommen  und  die  aprioristische  Ueberzeugung,  dass 
Korperliches  iiur  von  Korperlichem  herstammen,  nur  mit  Hiîfe  von 
wieder  Korperlichem  zu  Stande  kommen  kann,  lasst  den  Schluss 
gerechtfertigt  erscheinen,  dass  den  vererbbaren  Korpereigentumlich- 
keiten  auch  korperliche  Ursachentrager  im  befruchteten  Ei  und  vor- 
her  in  den  beiderseitigen  Generationszellen  zu  Grunde  liegen  miissen. 
Jede  vererbbare  Eigentumlichkeit  muss  auf  stoffliche  Ursachentrager 
in  den  Geschlechtszellen  zuriickfuhrbar  sein,  das  ist  ein  Satz  der  sich 
dem  Vererbungstheoretiker  als  Basis  flir  seine  Théorie  aufdrangen 
wird.  Bezeichnen  wir  mit  Weisman  dièse  mit  Notwendigkeit  fiir  die 
Hervorbildung  der  Korpereigentlimhchkeiten  anzunehmenden  stoff- 
lichen  Ursachentrager  in  der  Geschlechtszelle  als  Determinanten,  so 
erhebt  sich  die  fiir  den  Ausbau  der  Théorie  wichtige  Alternative,  ent- 
weder  06  jede  vererbbare  korperliche  Eigentumlichkeit  eine  besondere 
Déterminante  in  den  Geschlechtszellen  besitzen  muss,  oder  ob  vielleicht 
auf  Grund  irgendwelcher  Verhâltnisse  die  Zahl  der  Determinanteîi  in 
der  entwicklungsfdhigen  Keimzelle  kleiner  sein  kann,  als  diejenige  der 
wahrend  der  Embryogenèse  entwickelten  vererbbaren  Kôrpereigen- 
tiimlichkeiten. 

Wer  sich  zu  der  erstgenannten  Eventualitât  gezwungen  sieht,  wer 
also  behauptet:  "soviel  Vererbungseigentiimlichkeiten  ebensoviel 
Determinanten  "  ist  Praeformist,  einerlei  wie  unâhnlich  dem  spiiter 
Produzierten  er  auch  seine  anfanglichen  Determinanten  setzen  mag. 

Wer  dagegen  die  Zahl  der  Determinanten  geringer  setzt  als  die- 
jenige der  Vererbungsstiicke  ist  Epigenetiker,  denn  er  muss  annehmen, 
dass  gesetzmiissig  zwangliiufig  entstehende  Vererbungsstiicke  von  De- 
terminanten aus  erzeugt  werden,  die  nicht  schon  von  anfang  an  in  der 
Keimzelle  vorhanden  sind,  sondern  erst  spiiter  im  Stoffwechselge- 
triebe  der  Embryonalentwicklung  gesctzmâssig  entstehen. 

Wie  bei  der  empirischen  Feststellung  der  Embryogenèse  sich  der 
epigenetische  Standpunkt  dem  praeformistischen  gegeniiber  als  der 
allein  richtige  erwiesen  hat,  so  sollte  man  von  Vornherein  auch  in  der 
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Determinantenfrage  dem  epigenetischen  Standpunkt  die  grossere 
Wahrscheinlichkeit  zugestehen;  es  ist  jedoch  eine  unleugbare  That- 
sache,  dass  die  praeformistischen  Theorieen  seither  die  grossere  Be- 
achtung  gefunden  haben;  wohl  deshalb  weil  sie  (durch  Weismann 
vor  Allem)  die  weitgehendste  Durchbildung  erfahren  haben.  Um 
der  Kritik  der  praeformistischen  Determinantentheorieen  einen  festen 
Untergrund  zu  bieten,  soll  die  Weismannsche  Théorie  als  Beispiel 
gelten. 

Weismann  sieht  sich  zur  Annahme  einer  ganz  ausserordenUich 
grossen  Zahl  von  Determinanten  gezwungen,  da  nach  seiner  Auffass- 
ung  nicht  blos  aile  erblichen  Eigentiimlichkeiten  des  erwachsenen 
Tieres,  sondern  auch  aile  Durchgangsstadien  dieser  Eigentiimlich- 
keiten vom  Ei  bis  zum  physiologischen  Tode,  ja  auch  die  Deter- 
minanten fiir  die  vielseitigen  eventuellen  Regenerationen,  und  fiir 
gelegentliche  atavistische  Ruckschlage  bereits  in  dem  Determinanten 
material  der  Keimzellen  vertreten  sein  sollen,  und  zwar  nicht  blos 
einmal  sondern  mehrmals  zu  Vererbungseinheiten  hbherer  Stufe 
zusammengefugt. 

Hat  die  hierzu  erforderliche  enorm  grosse  Zahl  von  Determinanten 
in  den  relativ  kleinen  Chromosomen,  denn  dièse  werden  ja  von  der 
Weismannschen  Théorie  als  die  Trager  der  Determinanten  ange- 
sehen,  uberhaupt  Platz? 

Dièse  Frage  ist  von  verschiedenen  Seiten  bald  bejaht  bald  ver- 
neint  worden. 

Wir  wollen  deshalb  eine  entsprechende  Berechnung  fiir  die  Chro- 
mosomen der  menschlichen  Genitalzellen  durchzufiihren  suchen. 

Flemming  hat  die  Chromosomenzahl  bei  Epithelzellen  der  mensch- 
lichen Cornea  auf  24  bestimmt;  bei  den  Reifungsteilen  der  mensch- 
lichen Genitalzellen  wiirden  demnach  12  Chromosomen  zu  erwarten 
sein;  dièse  Zahl  "12"  stimmt  mit  einer  Schatzung,  die  Friedrich 
Meves  die  Giite  hatte  fiir  meine  Zwecke  mir  brieflich  mitzuteilen. 
Was  nun  die  Grosse  der  Chromosomen  anlangt,  so  hat  Meves  an 
Material,  das  mit  Hermannschem  Gemisch  fixiert  war,  in  Spermato- 
cyten,  die  anscheinend  der  ersten  Génération  zugehorten,  auf  dem 
Stadium  des  Muttersternes  Stâbe  gefunden,  die  durchschmittlich 
3  /A  lang  und  2  yti  breit  waren;  woraus  sich  ein  Volumen  =  P  tt  3  = 
9,438  fx  ^  fiir  das  einzelne  Chromosom  ergiebt,  wenn  man  es  als  einen 
cylindrischen  Faden  (v  =  r^.  tt  A.)  nimmt. 

Wie  viel  Molekiile  kann  ein  solches  Chromosomvolumen  von 
9,  4  /i  ^  enthalten  ? 

Kendrik  kommt  in  Anlehnung  an  die  diesbeziiglichen  Berech- 
nungen  der  physikalischen  Chemie  zu  dem  Résultat,  dass  in  dem 
kleinsten  unter  dem  iiblichen  Mikroskop  noch  sichtbar  zu  machenden 
Teilchen  von  ^  jjl  Durchmesser  ca.  1250  Molekiile  von  Eiweiss  ent- 
halten sind.  Nach  Errera's  unabhangig  und  auf  anderem  Wege  ge- 
wonnenen  Berechnungen  wUrden  auf  das  gleiche  Volumen  dièses 
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Minimum  visibile  von  5V  i"  Durchmesser  1000  Moleklile  in  Anschlag 
zu  bringen  sein.  Wir  nehmen  als  Mittel  aus  diesen  beiden  befriedigend 
iibereinstimmenden  Berechnungen  an,  dass  in  jedem  kleinsten  kugli- 
gen  siclitbaren  Teilchen  der  Chromosome  im  INIittel  1125  Eiweissmole- 
kiile  angenommen  werden  dlirfen.  Da  nun  jedes  luisrer  menschlichen 
Chromosomen  nach  der  vorher  ausgefuhrten  Berechnuncr  ein  Volumen 
von  9,4  /A  ^  liât,  wâhrend  das  kleinste  sichtbare  Teilchen,  aus  deden  es 
zusammengesetzt  ist,  wie  die  Bereclinung  seines  Kugelvolumen  er- 
giebt  ^  nur  0,000065  /^  ^  Inhalt  besitzt,  so  vermag  das  Chromosom  in 

Summa  =   ^'t^,^^..  1125,  das   ist  =  163   MilUonen  350000  Mole- 
0,0000do 

kiile  einzuschliessen. 

Zur  Beantwortung  der  Frage,  ob  dièse  163350000  Molekule,  die  in 
einem  menschlichen  Chromosom  denkbar  sind,  ihrer  Zahl  nach  aus- 
reichen,  um  die  ganze  ]\Ienge  der  von  den  Praeformisten  flir  die 
Keimzellen  verlangten  Determinanten  aufbauen  zu  kônnen,  miissen 
wir  uns  nun  mehr  eine  ungefahre  Schâtzung  liber  die  Anzahl  der  not- 
wendigen  Determinanten  in  unserem  Beispiel  "Mensch  "  verschaffen. 
Nach  Rauber's  An^aben  liber  das  durchschnittliche  Volumen  des 
INIenschen  und  das  Durchschnittsvolumen  seiner  Zellen  berechnet 
sich  die  Anzahl  der  Zellen,  die  den  menschlichen  Kôrper  zusam- 
mensetzen,  abzuglich  des  Blutes  flir  dessen  einzelne  Blutkorper- 
chen  ja  Weismani)  keine  besondere  Determinanten  annimmt,  zu 
etwa  8  Billionen  (anders  geschrieben  S.IO  ^'  =  8000000000000) 
Zellen.  Wenn  wir  nun  die  Annahme  machen,  dass  jede  Korper- 
zelle  nur  von  einer  einzigen  Déterminante  aus  in  ihrem  ontogene- 
tischen  Entwicklungsgang  bestimmt  werde,  so  mlissten  hierzu 
allein  schon  (also  ohne  Berlicksichtigung  etwaiger  Ersatzdetermi- 
nanten)  in  dem  menschlichen  Ei  nicht  weniger  als  8  Billionen  Deter- 
minanten vorhanden  sein.  Vergleichen  wir  nun  dièse  8  Billionen  mit 
der  Anzahl  der  flir  ein  Chromosom  berechneten  163  INIillionen  350000 
]Molekulen,  so  ergiebt  sich,  dass  die  Zahl  der  Molekule  in  einem  Chro- 
mosom 50000  mal  kleiner  ist,  als  die  Anzahl  der  Zellen  in  einem  er- 
w^achsenen  Menschen.  £^5  gibt  also  ungefdhr  50000  mal  mehr  Zellen 
im  envachsenen  menschlichen  Kôrper  als  Molekule  in  einem  Chromosom 
menschlicher  Geschlechtszellen  vorhanden  sind.  So  grob  die  Annaher- 
ung  dieser  Werte  auch  sein  mag,  so  ist  doch  gânzlich  ausgeschlossen, 
dass  die  Grosse  des  angegebenen  Misverhàltnisses  innerhalb  des  Be- 
reiches  der  Fehlergrenzen  der  bei  der  Berechnung  gebrauchten  Werte 
gelegen  sei  und  wir  kommen  zu  dem  Schluss  :  Es  kann  nicht  jede 
Kôrperzelle  flir  sich  im  Chromosom  der  Geschlechtszellen  bereits 
einen  kôrperlichen  Ursachentrâger  flir  ihre  korperlichen  vererbbaren 
Eitrentumlichkeiten  besitzen,  der  auch  nur  den  Formwert  eines  ein- 
zigen    Molekiils    von    der    Grôssenordnung    bekannter    organischer 

1  I  (^ij)  3  ^  =  0,000065  f^  3. 
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Molekule  repraesentiere.  Bedenkt  nian  mm,  dnss  hci  dcii  von  uns 
I)o.stuIierten  S  Billionen  Determinanten,  iioch  ki-ine  Krsatzdetermi- 
nanten  l'iir  Reffenerationen  berucksiclitiirt  siml,  dass  man  ferncr  noch 
jeder  Zelle,  die  ja  nichts  weniger  als  homo<>;en  ist,  den  Ik-sitz  vcrerb- 
barer  "lokak'r  "  Eioentiimlichkeiten  also  auch  (his  Am-eclit  auF  dies- 
beziigliclie  Determinanten  im  Keimpkisma  zu  erkennen  niuss/  so 
wird  man  einsehen,  dass  fur  ail  dièse  Determinanten,  weiclie  die 
Determinations-Praeformisten  anzunehmen  gezwungen  sind,  nicht 
nur  nicht  in  einem  Chromosom,  sondern  wir  konnen  weiter  gehen 
und  sagen  selbst  in  der  gesamten  Zellkenmiasse  nicht  genug  Mole- 
kule vorhanden  sind,  um  auch  nur  jeweils  eine  Déterminante  aus 
einem  einzigen  chemischen  jMolekiil  bestehen  zu  lassen;  ganz  zu 
schweigen  von  jener  komplicierteren  Struktur  der  Determinanten  wie 
sie  Weismann  von  der  Grundlage  seiner  Théorie  aus  folgern  musste. 

Dièse  Betrachtungen  treiben,  wie  mir  scheint,  mit  geradezu  zwin- 
gender  (  Jewalt  zu  der  Einsicht,  dass  die  I  )eterminations-Praeformisten 
mit  ihren  Anschauungen  im  Unrecht  sein  mûssen  und  weisen  auch 
hier,  wie  einst  bei  der  Genèse  der  embryonalen  Formwandlungen  die 
grossere  Berechtigung  den  Epigenetikern  zu  ;  sie  sprechen  iiber- 
zeugend  dafur,  dass  ein  und  dieselbe  chemische  Verbindung  der 
Kern-  bezw\  der  Keimsubstanz  in  den  Keimzellen  gleichzeitig  nicht 
bloss  eine,  sondern  mehrere  Determinanten  enthiilt,  also  dass  eine 
einzelne  chemische  ^  erbindung  innerhalb  der  Keimsubstanz,  die 
z.  T.  auch  im  Zellplasma  gelegen  sein  mag,  in  den  Entwickelungs- 
gang  "  mehrerer  "  vererbbarer  Kiirperstucke  "  bestimmend  aus- 
schlaggebend  eingreifen  kann.     Ist  Solches  denkbar? 

Die  Denkmkjlichkcit  mag  durch  folgendes  fingiertes  Beispiel 
theoretisch  veranschaulicht  werden.  Eine  Schmetterlingsspecics,  die 
seither  c'clb  und  l)lau  j>;ezeichnete  Fluwlfelder  hatte  wird  in  eine  neue 
Gegend  eingebracht,  wo  sie  sich,  da  ihre  alte  Futterpflanze  hier  fehlt, 
an  eine  neue  Futterpflanze  gewcihnen  muss.  In  der  neuen  Gegend 
stellt  sich  nun  in  Folge  der  neuartigen  Nahrung  ein  griiner  Fleck 
zwischen  Gelb  und  Blau  ein.  INIuss  hier  die  Neueinreihung  grlin 
fiirbender  Flugeldeterminanten  in  die  Keimsubstanz  angenommen 
werden,  um  die  Uebertragbarkeit  des  neuen  Tylerkmals  von  Généra- 
tion zu  Génération  zu  verstehen?  Ganz  gewiss  nicht,  wir  konnen 
uns  den  Verlauf  folgendermassen  vorstellen  :  Die  Farbung  der  Flugel- 
felder  soll  auf  dem  Wege  kiirzerer  oder  liingerer  Umwandlungen  mit 
Hilfe  von  Produkten  zu  Wege  kommen,  welche  die  Raupe  den  Niihr- 
pflanzen  entnommen  hat  und  die  neue  Niihrpflanze  soll  mehr  Gelb 
erzeugende  Substanzen  enthalten  als  die  frlihere  Nahrimg.  Der 
Farbstoff  soll,  so  nehmen  wir  an,  durch  die  Fliigeladern  auf  der 
Flugelflache  auf  die  einzelnen  Schiippchen  verteilt  werden.     Fruher 

'  Man  denke  z.  B.  nur  an  die  lokal  différente  Beschaffenheit  der  einzelnen 
Abschnitte  der  Spermatozoen,  die  bei  ihrer  gesetzraâssigen  Wiederkehr  docb 
auch  vererbbar  sein  miissen,  u.  dergl.  m. 
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wurden  Blau  und  Gelb  so  verteilt,  dass  sich  ihre  Verteilungsgebiete 
nicht  schnitten,  Blau  und  Gelb  lag  ungemischt  neben  einander; 
die  neue  Niihrpflanze  fiihrt  aber  der  umgewohnten  Raupe  mehr 
gelben  Farbstofî  zu,  das  Verbreitungsgebiet  des  Gelb  schneidet  jetzt 
dasjenige  des  Blau  und  wir  erhalten  durch  ^Nlischung  von  Gelb  und 
Blau  den  grlinen  Fleck,  ohne  dass  sich  dabei  liberhaupt  etwas  Wesent- 
liches  im  Keimplasma  geiindert  zu  haben  braucht.  Die  Détermina- 
tion des  Griin  geht  hier  in  deutlicher  Weise  erst  von  dem  Zeitpunkt 
des  Fressens  der  Raupe  aus.  Dièses  Beispiel  basiert  auf  einen  Ein- 
fluss  von  Aussen  auf  Einwirkung  der  Nahrung  nâmlich;  wir  kônnen 
es  aber  leicht  auf  innere  Einflusse  umbauen,  wenn  wir  annehmen, 
dass  der  Ursachenkomplex,  welcher  an  der  Erzeugung  des  gelben 
Farbstofîes  arbeitet,  in  irgend  einer  Descendentenreihe,  eine  Aender- 
uno;  erfahrt,  die  mehr  Gelb  als  friiher  bei  den  Vorfahren  erzeugt. 
Der  grline  Fleck  wird  auch  hier  wieder  durch  ^Nlischung;  des  ver- 
mehrten  Gelb  mit  dem  Blau  des  angrenzenden  Farbfeldes  entstehen; 
aber  eine  eigene  Déterminante  hat  auch  er  in  der  Keimzelle  nicht, 
sondern  er  wird  von  derselben  Déterminante  ausbestimmt,  welcher 
die  Quantitiit  des  producierten  gelben  Farbstoffes  festlegt.  xAlso  eine 
Déterminante  fur  ganz  ungleiche  Erscheinungen,  einerseits  Produkti- 
onsintensitât  von  Gelb,  andrerseits  Entstehung  von  Griin. 

So  gut  sich  hier  "zwei"  verschiedene  Eigentiimlichkeiten  auf 
"  eine  "  Déterminante  zuriickfiihren  lassen,  ebenso  gut  lassen  sich 
auch  unbeschriinkt  viele  von  einer  Déterminante  ableiten.  Der 
Wahlspruch  :  eine  Déterminante  kann  nur  eine  vererbbare  Eigen- 
schaft  bestimmen  besteht  nicht  zu  recht.  Nachdem  in  dem  Vor- 
stehenden  die  Vorstellungsmoglichkeit  einer  Ableitung  mehrerer 
Determinanten  von  einer  einzigen  urspriinglich  andersartigen  im  Ei 
dargetan  wurde,  soll  nach  einer  einfachen  Vorstellungsform  fiir  die 
Hervorbildung  neuer  Determinanten  aus  urspriinglich  andersartigen 
gesucht  werden.  Man  kann  nach  Hofmeister  ein  Eiweissmolekiil 
oder  sagen  wir,  um  an  seine  physiologischen  Fahigkeiten  zu  erinnern 
ein  Verwornsehes  Biogenmolekiil  einem  ]Mosaikbild  vergleichen,  das 
sich  um  eine  bestimmte  Annaherungszahl  zu  nennen  "aus  125  ver- 
schiedenfarbigen  und  verschieden  gestalteten  Steinen  zusammensetzt, 
von  denen  einzelne  in  einfacher,  andere  in  mehrfacher  etwa  bis 
20  fâcher  Zahl  vertreten  sind.  Selbst  bei  Zugrundelegung  dieser  mo- 
glichst  einfachen  Annahme  ergiebt  sich  bei  verschiedenen  Aneinan- 
derlagerungen  der  Steine  eine  schier  unerschopfliche  Mannigfaltigkeit 
von  Combinationen."  Nehmen  wir  nun  an,  dass  im  Sinne  dièses 
Symbols  aus  der  Zahl  der  unbeschriinkten  Combinationsmoglich- 
keiten  heraus  eine  bestimmte  Tierart  durch  eine  bestimmte  (oder 
wenigstens  im  Bereiche  der  Variantcn  einer  Tierart  annahernd 
feststehende)  Zahl  von  solchen  verschiedenartigen  Steinchen  ihr 
typisches  Geprâge  erhalt,  durch  aile  Korperzellen  hindurch,  so  er- 
halten wir  zunachst  eine  Erleichterung  des  Verstandnisses  dafUr,  dass 
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jeder  Tierspecies  eine  ganz  bestimmte  Sorte  von  Eiweisskorpern 
(Biogenen)  zukoramt.  Die  chemisch  specifische  Eigenart  der 
Eiweisskorper  fur  jede  Species  ist  meines  Wissens  zuerst  von  Iluppert 
fUr  viele  Fiille  erkannt  und  dann  in  bekannter  Weise  durch  die  soge- 
nannten  biologischen  Blutuntersuchungen  als  eine  fiir  die  organis- 
mischen  Eiweisskorper  allgemein  giitige  Regel  nachgewiesen  worden. 
Bei  den  hierzubenutzten  Reaktionsmitteln  (Erzeugung  und  Anwen- 
dung  von  Antikorpern,  Isolysinen,  Autolysinen  u.  s.  w.),  werden  im 
Rahmen  unseres  Bildes  nur  solche  organische  Eiweisskorper  gefallt, 
die  aus  einer  fiir  die  jeweilige  Tierspecies  typischen  Anzahl  verschie- 
denartiffer  Bausteinchen  bestehen;  die  aus  einer  anderen  Anzahl 
und  anderen  Steinchen  bestehenden  und  daher  chemisch  andersge- 
arteten  Eiweisskorper  anderer  Tierarten  dagegen  nicht.  Bei  der 
Feinheit  dieser  Reaktionen  drângt  sich  aber  die  Ueberzeugung  auf, 
dass  nicht  bloss  die  Anzahl  sondern  auch  bis  zu  hohem  Grade  die 
Anordnung  der  einzelnen  Bausteinchen,  ihr  morphologischer  Struk- 
turbau  fiir  jede  Tierart  ein  besonderer  ist.  Wir  nehmen,  um  dièse 
Thatsache  in  unser  Symbol  einzutragen  an,  dass  ein  Teil  des  Chro- 
matins,  den  wir  als  chemisches  Stammgeriist  bezeichnen  wollen,  eine 
ganz  bestimmte  Steinchenkombination  besitzt,  dass  dièses  Stammge- 
riist  in  allen  Zellen  derselben  Tierart  das  gleiche  ist,  oder  wenigstens 
in  verschiedenartigen  Zellen  des  gleichen  Individuums  (bezw.  der 
gleichen  Tierart)  keine  "  wesentlichen  "  dem  Charakter  der  Species 
zuwiderlaufende  Unterschiede  aufweist. 

Da  nun  aber  neben  der  Gleichheit  im  Aufbau  der  Eiweisskorper 
einer  Organismenart,  auch  Ungleicharten  von  der  Vererbungssub- 
stanz  aus  determiniert  werden  miissen,  um  die  histologischen  Dif- 
ferenzen  der  verschiedenen  Korperzellarten  zu  erklâren,  so  miissen  wir 
neben  dem  gleichbleibenden  Stammgeriist  auch  in  ihrer  Combination 
variabele  Teile  dem  chemischen  Aufbau  des  Chromatins  zuerkennen. 
Wo  dièse  fiir  typische  Zellarten  sich  typisch  andernden  Bestandteile 
des  stereochemischen  Strukturgeriistes  des  Chromatins  sitzen  mogen, 
ist  zwar  an  sich  ganz  gleichgiltig,  wir  wollen  aber  um  ein  vorstell- 
bares  Symbol  zu  erhalten,  annehmen,  dass  sie  sich  etwa  mantelartig 
"  peripher  "  an  das  konstante  Stammgeriist  ansetzen,  dass  sie  also, 
um  einen  gangbaren  Ausdruck  zu  gebrauchen,  kurz  gesagt  Seiten- 
ketteii  darstellen,  deren  vielseitige  Leistungsfiihigkeit  schon  durch 
die  Ehrlichschen  Immunisierungs-Experimente  zur  Geniige  klar 
gestellt  ist. 

Wir  konnen  dann  dièse  Anschauungen  in  den  Satz  zusammen- 
fassen:  das  chemische  Stammgeriist  der  Keimsubstanz  ist  zwar  fiir 
jede  Species  annahernd  konstant,  die  Komposition  der  Seitenketten 
aber  ist  fiir  die  verschiedenen  Zellarten  des  gleichen  Organismus 
typisch  verschieden  ;  die  Nervenzellen  eines  Individuums  hatten  also 
an  dem  fiir  die  Species  konstanten  Stammgeriist  andere  Seitenketten 
angesetzt  als  die  Bindegewebszellen  u.  s.  w.  —  und  zwar  wàre  dièses 
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Verschiedenwerden  der  Seitenketten  wahrscheinlich  schon  sehr  friih 
anzusetzen,  wie  die  gestbrte  Totipotenz  frliher  Furchungszellen  nach 
ihrer  Isolierung  in  manchen  Fâllen  deudich  zeigt. 

Wir  woUen  nunmehr  zusehen,  wie  sich  das  Anhângen  verschieden 
kombinierter  Seitenketten  an  das  konstante  chemische  Stammgeriist 
mit  den  empirischen  Tatsachen  in  Einklang  bringen  lasst,  um  zum 
Schlusse  festzustellen,  was  sich  durch  die  Annahme  eines  derartigen 
Aufbaues  des  Chromatins  an  Vereinfachungen  flir  die  Determinanten- 
lehre  ergiebt. 

Wenn  die  Ursachen  der  fiir  specifische  Zellbildung  benôtigten  ver- 
schiedenartigen  Seitenkettenkombinationen  in  dem  Kern  selbst 
gelegen  wâren,  so  miissten  voraussichtlich  eine  grosse  Zahl  von 
Hemmungsmechanismen  im  Kern  vorhanden  sein,  die  jeweils  nur 
einer  bestimmten  Kombination  zu  bestimmter  Zeit  die  Entstehung 
erlaubten,  aile  anderen  aber  der  moglichen  und  spâter  auftretenden 
Steinchenkombinationen  bis  zu  geeigenter  Zeit  zuriickhielten.  Wir 
wâren  dann  wieder  auf  das  Feld  immoglicher  Praeformation  zurûck- 
geworfen.  Anders  aber  wenn  wir  die  Ursache  der  jeweilig  sich  typisch 
ândernden  Seitenkettenkombination  ausserhaîb  des  Zellkernes  sta- 
tioniert  denken  ;  nicht  etwa  direkt  in  der  Aussenwelt  —  was  zu  thun 
uns  die  von  der  Aussenwelt  mehr  oder  weniger  unabhangige  Differen- 
zierung  wahrend  der  Embryogenèse  widerrât  —  sondern  vor  Allem 
in  dem  Zellleib. 

Es  ist  eine  allgemeine,  und  meines  Erachtens  principiell  wichtige 
Erscheinung,  dass  vor  jeder  Zellteilung  also  auch  vor  jeder  Teilung 
der  Furchungszellen,  der  Kern  sich  miichtig  aufblâht  und  dass  spâter, 
meist  schon  wâhrend  der  Spindelstreckung  oder  wahrend  der  Meta- 
kinese  zum  IMindesten  aber  wâhrend  der  Restituierung  der  auseinan- 
dergezogenen  Tochterkerne,  Kernspindel  oder  Tochterkerne  wieder 
erheblich  an  Volumen  abnehmen.  Es  ist  eine  unanfechtbare  Not- 
wendigkeit,  dass  der  Kern  zu  seinem  anfânglichen  Aufquellen  vor  der 
Theilung  Stoffe  aus  dem  Zellleib  in  sich  aufnehmen  muss,  und  ebenso 
unanfechtbar  ist  auch,  dass  die  wâhrend  der  ]Metakinese  wieder  ab- 
schwellende  Kernspindel  bezw.  die  kurz  nach  der  ^letakinese  wieder 
kleiner  werdenden  Tochterkerne  wiederum  Stoffe  an  die  Zellleiber  der 
Tochterzellen  ab^eben  miissen.  ^lir  scheint  es  nun  âusserst  wahr- 
scheinlich,  dass  der  in  Teilung  begriffene  Kern  durch  die  gesetz- 
mâssige  Flussigkeitsaufnahme  vor  seiner  Teilung  sein  flir  die  nâchste 
Zellgeneration  wichtiges  Geprâge,  oder  im  Bilde  unseres  Vergleichs 
seine  typisch  aus  verschiedenen  Steinchen  angeordneten  Seitenketten 
erhâlt,  so  dass  erst  wâhrend  des  Teilungsaktes  bestimmt  wird,  was 
aus  den  Kernen  der  nâchsten  Zellgeneration  werden  wird.  Es  lâsst 
sich  auf  dièse  einfache  Weise  leicht  eine  Vorstelhmg  gewinnen  wie 
wâhrend  der  embryonalen  Furchung  aus  einer  Zellgeneration  eine 
andere  von  ihr  verschiedenartige  Zellgeneration  hervorgeht.  Das 
Stammgeriist  wird  mit  seinen  Receptoren,  nach  Ehrlich's  Nomen- 
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clatur,  d.  h.  mit  seinen  aufnahmefâhigen  Enden  mit  einer  bestimmten 
Zahl  neuer  anders  geordneter  Seitenketten  ausgestattet,  indem  die 
geeigneten  Receptoren  aus  der  von  dem  Zellleib  her  in  den  Kern 
eingedrungenen  Fliissigkeit  durch  chemische  Affinittiten  (f iir  das  Chro- 
matingeriist  neuartige)  Steinchenkombinationen  heranziehen  und  die 
Seitenkettern  verlangernd  dem  Stammgériist  angliedern.  Indem  sich 
hiernach  die  aus  dem  Zellleib  stammenden  Molekiilgruppen  direkt 
oder  nacli  irgendwelcher  vorherigen  Umwandlung  an  die  Receptoren 
der  Seitenketten  anhangen,  wird  das  Chromatin  komplicierter,  sein 
atomieller  Aufbau  wird  anders  als  er  vor  dem  Eintritt  der  Zellleib- 
flussigkeit  war,  der  Kern  wird  also  in  der  Tochterzellgeneration  auch 
physiologisch  anders  arbeiten  als  vorher,  ehe  er  die  ZelUeibsubstanzen 
an  sich  angehangt  batte.  Wie  aber  hier  durch  die  Flussigkeits- 
bewegung  in  Richtung  "  Zellleib-Kern  "  das  Chromatingefuge  im 
Kernwah  rscheinlich  verandert  wird,  so  kann  andrerseits  auch  ganz 
ohne  Frage  durch  die  umgekehrte  Flussigkeitsbewegung  und  dem  mit 
ihr  verbundenen  Substanztransport  via  "  Kern-Zellleib,"  den  wir  vor 
der  Constituierung  der  Tochterkerne  konstatiert  haben  und  physio- 
logische  Arbeitsweise  die  Constitution  des  ZelUeibes  der  Tochterzellen 
geandert  werden.  So  wird  z.  B.  ganz  sicher,  wie  hier  nicht  naher  aus- 
gefuhrt  werden  kann,  die  Oberfliichenschicht  der  Zelle,  (also  eventuell 
die  Zellmembran,  wo  eine  solche  als  abgesetzte  Haut  vorliegt,)  unter 
Einfluss  der  aus  der  Kernspindel  ausgetretenen  Stoffe  vergrossert 
demnach  neues  Oberflâchenmaterial  vor  Allem  in  der  Teilungsebene 
der  Zelle  in  Gestalt  der  Zellscheidewand  gebildet.  Neben  diesen 
leicht  sichtbaren  Neuschaffungen  im  Zellleib  mogen  sich  aber  noch 
unabsehbare  andere  Vorgânge  durch  die  in  den  Zellleib  iïbergetre- 
tenen  Derivate  der  Seitenketten  des  Chromatins  im  Plasmaleib  der 
Tochterzellen  einleiten  und  abspielen,  die  nun  zur  Folge  haben,  dass 
auch  der  Zellleib  der  Tochterzellen  ein  anderer  wird,  als  derjenige 
der  voraufgegangenen  Mutterzelle  war.  Schickt  nun  bei  der  folgen- 
den  Blastomerenteilung  der  Kern  sich  abermals  zur  Teilung  an,  so 
wird  er  wiederum  mit  anderen  Steinchenkombinationen,  namiich 
denen  der  vorher  konstituierten  Blastomeren,  wahrend  seiner  Auf- 
blahungsperiode  beschickt,  sein  Chromatin  wird  wiederum  anders, 
mit  neuen  Seitenketten  ausgestattet,  komplicierter,  und  bei  dem 
Abschluss  der  Tochterkernbildung  geben  die  Tochterkerne  dann 
wieder  andere  Kernstoffe  unter  dem  Einfluss  der  umgewandelten 
Seitenketten  an  die  Zellleiber  ab,  um  in  deren  Getriebe  bestimmend 
einzugreifen.  An  ursprlinglich  ein  und  der  selben  Art  von  Seiten- 
ketten konnen  demnach  auf  liingerem  oder  klirzerem  Wege  ganz 
verschiedene  Substanzen  zu  verschiedenen  Kernteilunsperioden  ange- 
gliedert  werden  dadurch,  dass  zu  den  verschiedenen  Zeiten  die  Zell- 
leibfliissigkeit,  die  vor  der  Kernteilung  in  den  Kern  eintritt,  eine 
verschiedene  ist,  und  ebenso  kann  eine  ursprlinglich  gleiche  Plasma- 
art  sich  in  ganz  verschiedener  Richtung  verandern,  wenn  sie  wahrend 
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der  verschiedenen  Zellteilungsepochen  verschiedene  Kernstoffe  zuge- 
schickt  erhalt. 

Die  angegebenen  AVechselbeziehimgen  zwischen  Kern  und  Zell- 
leib,  von  denen  man  sich  durchaus  keine  bestimrat  begrenzten  zur 
Zeit  in  ihren  Détails  aiich  kaum  fîxierbare  Vorstellungen  zu  machen 
braucht  sondern  die  jeder  sonst  begrlindbaren  Théorie  von  dem  Bau 
organismischer  Molekiile,  von  ihrer  Synthèse  und  ihrer  Vermehrung 
freien  Spielraum  gewiihren,  erklaren  es,  wie  das  Keimganze  von 
Theihmgs-  zu  Theihnigsperiode  der  Blastomeren  aus  urspriinghch 
verhaltnismassig  einfachen  xA.nfangen  immer  korapHcierter  und  kom- 
pHcierter  wird;  dièse  Wechselbeziehungen  schrauben  die  Organisa- 
tion von  Kern  und  Zelle  mit  jeder  neuen  Blastomerenteilung  wechsel- 
seitig  mehr  und  mehr  in  die  Hôhe.  Erst  steigert  der  Zellleib  des 
entwickhnigsfahigen  Eies  durch  seine  Stoffe  die  Organisation  des 
Furchungskernes,  dann  der  Furchungskern  die  Organisation  der 
Plasmaleiber  der  Blastomeren  mit  Hilfe  seiner  neuen  Seitenketten- 
kombinationen,  und  so  geht  es  fort  auf  dem  Wege  Zellleib-Kern, 
Kern-Zellleib  bis  mit  dem  x\ufhoren  der  Zellteilungen  die  letzte 
Organisation  im  vollentwickelten  Tiere  erreicht  wird.  Wir  erhalten 
also 

Erstens,  eine  einfache  Vorstellung  von  der  allmahlich  aufsteigen- 
den  Complikation  des  Chemismus  der  Embryogenèse. 

Nehmen  wir  nun  noch  flir  unsere  Seitenketten,  die  selbstredend 
als  organismische  d.  h.  lebende  Verbindungen  aufzufassen  sind,  das 
vielfach  erkannte  Kriterium  in  Anspruch,  dass  sich  im  Lebensgetriebe 
nur  das  erhalt,  was  arbeitet,  und  das  atrophiert,  was  zur  Unthatigkeit 
verdammt  wird;  so  kônnen  wir  uns  mit  Hilfe  des  angenommenen 
chemischen  Stammgeriistes  mit  seinen  gesetzmassig  wechselnden 
Seitenketten  leicht  eine  Vorstellung  von  dem  Zustandekommen  der 
Regenerationserscheinimgen  machen,  ohne  unsere  Zuflucht  zu  be- 
sonderen  bereits  im  Keim  séparât  angelegten  Ersatzdeterminanten 
nehmen  zu  miissen.  Ist  durch  einen  gewaltsammen  Eingrifî  von 
Aussen  ein  Korperteil  entfernt,  so  konnen  die  Kerne  und  Zellen  der 
Wundflache,  welchen  die  normalen  Beziehungen  zu  den  friiheren  jetzt 
weggenommenen  Zellen  fehlen,  nicht  mehr  in  friihrer  Weise  arbeiten 
die  unthiitig  werdenden  Seitenketten  atrophieren  Stiick  um  Stuck,  und 
fuhren  dadurch  das  Chromatin  auf  einen  friiheren  Zustand  zuriick; 
und  das  geschieht  so  lange  bis  ein  Stadiura  erreicht  ist,  auf  welchem 
die  reducierten  Seitenketten  wieder  geeignetes  Material  zum  Neuauf- 
bau  ihrer  atrophierten  Teile  vorfinden;  d.  h.  es  tritt,  wie  es  den  Er- 
fahrungen  entspricht  zunachst  eine  Ruckdifïerenzierung  im  Gebiet 
der  Wundflache  ein  dann  wird  von  Neuem  aufgebaut,  in  vorheriger 
Weise,  weil  die  Affinitiiten  der  jeweils  zur  Verfiigung  stehenden  und 
den  Seitenketten  ane-egliederten  Teilchen  wieder  nach  den  selben 
Gesetzen  arbeiten  wie  bei  der  Embryogenèse  und  jetzt  wie  frliher 
Ailes  unbenutzt  lassen,  was  nicht  geniigende  Aiïinitat  zu  den  Recep- 
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toren  der  Seitenketten  hat.  Das  ist  die  z'weite  Erscheinungsreihe,  die 
durch  unser  Symbol  in  einfacher  Weise  darstellung  findet;  Riick- 
differenzierung  und  dann  Neubildung  nach  dem  Schéma  der  Embryo- 
genèse bei  den  Regenerationen. 

Zweitens  geht  die  Inaktivitatsatrophie  der  Seitenketten  sehr  weit, 
so  fallen  aile  wahrend  der  Entwicklung  den  Seitenketten  angehangten 
Steinchenkombinationen  wieder  ab  und  es  bleibt  nur  das  chemische 
Staramgeriist  des  Chromatins  in  funktionsfiihigem  Zustand  iibrig, 
dièses  kann  aber  dann,  wenn  nur  das  notige  ^Vlaterial  zur  Seiten- 
kettenbildung  nicht  fehlt,  wieder  den  ganzen  Organismus  mit  Hilfe 
von  Zellteilungen  aufbauen.  Es  sind  also  keinerlei  Ersatzdetermi- 
nanten  nôtig,  um  beispielsweise  die  aufïalige  Restitutionsvirtuositât 
der  Epidermiszellen  gewisser  Begonien  oder  die  Totipotenz  isolierter 
Blastomeren  zu  erkiaren.    Wir  sagen  allgemein,  dass  sich  also: 

Drittens  die  Totipotoiz  von  Blastomeren  und  einzelnen  Orcjan- 
teilen  also  die  aequipotentiellen  Système  Driesch's  durch  unser  Symbol 
verstandlich  machen  lassen. 

Viertens  lassen  sich  die  Correlationserscheinungen  in  einfacher 
AYeise  durch  das  Symbol  veranschaulichen  ;  z.  B.  bei  den  sekundaren 
Geschlechtsmerkmalen.  Dem  Castraten  fehlen  die,  zum  Aufbau  der 
secundiiren  Geschlechtsmerkmale  notwendigen,  Glieder  beim  Weiter- 
bau  seiner  chromatischen  Seitenketten  innerhalb  der  in  Frage  kom- 
menden  Zellterritorien  ;  dièse  Glieder  werden  offenbar  in  wesentlichen 
Bestandteilen  normaler  Weise  von  dem  Chemismus  der  Geschlechts 
organe,  wenn  vielleicht  auch  erst  auf  weisen  Umwegen,  geliefert. 

Fiinftens  lasst  sich  verstehen,  dass  manche  Verânderungen,  Ano- 
malien  etc.  gemeinsam  aufzutreten  pflegen.  Man  braucht  nur 
irgend  einen  Defekt  oder  eine  Uno-evi^ohnlichkeit  an  einer  Seitenkette 
anzunehmen,  die  flir  die  beiden  zusammenauftretenden  Anomalieen 
in  gleicher  Weise  massgebend  sind.  Wenn  also  Hypertrichose  mit 
Zahnanomalieen  verbunden  zu  sein  pflegt,  so  kann  das  einfach 
daran  liegen,  dass  in  den  bei  der  Zahnbildung  und  Haarbildung 
beteiligten  Ektodermzellen,  die  Seitenkette,  welche  den  frliheren 
Ektodermzellencharakter  dieser  Zellen  in  Haar-  und  Zahncharakter 
umstimmen  sollte,  irgend  welche  Schadigung  erfahren  hat.  Ist  eine 
Seitenkette  erst  anormal,  so  werden  auch  in  den  nachfolgenden  Zell- 
generationen  aile  Zellen  und  Zellaggregate  anormal  werden,  welche 
mit  Beihilfe  dieser  defekten  Seitenkette  determinirt  werden. 

Sechstens  konnen  Atavismen  in  der  Ontogenèse  und  wahrend  der 
Régénération  als  dadurch  zu  Stande  kommend  gedacht  werden,  dass 
eine  Seitenkette  ein  Bausteinchen  aufgriff,  das  wohl  auf  friiheren, 
Ahnenstufen  benutzt  wurde,  bei  den  heutigefi  Individuen  aber  nicht 
mehr  normaler  Weise  zur  Angliederung  kommt,  vielleicht  weil  im 
Laufe  der  spateren  Stammesentwicklung  ihm  neu  eingefuhrte  Ketten- 
glieder  durch  grossere  Affinitat  den  Rang  abgelaufen  haben,  oder  aus 
irgend  welche  anderem  Grunde.     Das  Aufgreifen  des  altmodischen 
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Steinchen  von  irgend  einer  Seitenkette,  konnte  den  Atavismus  ver- 
schuklen.  Auch  hier  wird  es  unnôtig,  weit  zurûckliegende  atavistische 
Extradeterminanten  anzunehmen,  die  Generationen  hindurch,  ver- 
kappt  und  ohne  zu  arbeiten,  in  den  Geschlechtszellen  imthatig  geruht 
haben  ;  ein  Fehlgriff  nach  einem  ausser  Curs  gekommenen  Steinchen 
von  Seiten  der  Seitenketten  kann  die  Erscheinung  verschulden. 

Siebtens  :  Wenn  E.  Fischer  bei  seinen  bekannten  Schmetterhngs- 
experimenten  nach  Kâltewirkungen  auf  Puppen  nicht  nur  typisch  ab- 
geanderte  Schmetterlinge  erhielt,  sondern  auch  die  Eier  dieser  Schmet- 
terhnge  wieder  gleichabgeânderte  Nachkommen  ergaben,  so  liisst  sich 
das  damit  in  Zusammenhang  denken,  dass  die  Kâltewirkung  hier  im 
Schmetterhng  sowohl  als  in  seinen,  im  Inneren  angelegten,  Eiern  eine 
ganz  bestimmte  Art  von  Seitenketten,  namHch  die  flir  die  abge- 
îinderten  Eigenschaften  massgebenden,  abanderte.  Im  Genaueren 
werden  hier  offenbar  die  ersten  Anfangsglieder  der  Seitenketten  ver- 
iindert,  die  im  Ei  bereits  angelegt  sind  —  die  spâteren  Gheder  fehlen 
unserm  nicht  praeformistischen  Standpunkt  entsprechend  ja  noch 
im  Ei  —  sind  nun  die  AnfangsgHeder  geandert,  so  wird  die  Arbeit  der 
Seitenkette  auch  dann,  wenn  sie  wiihrend  spiiterer  Entwickelungs- 
vorgïinge  neue  Gheder  angesetzt  erhalten  hat,  eine  specifisch  ge- 
iinderte  bleiben  konnen. 

Achtens  :  Wenn  eine  Urodelenlinse  vom  Irisrand  ans  regeneriert 
wird,  so  entsteht  zunjichst  unter  den  zerstorten  Beziehungen  im 
vorderen  Augenteil  ein  Abfall  von  "  Iris  "-seitenketten  in  den 
Zellen  der  betreffenden  Augengegend.  Dieser  Abfall  kann  offenbar 
so  weit  gehen,  dass  die  Zellen  im  Storungsgebiet  schliesslich  nur  noch 
die  Seitenketten  ihrer  ehemaligen  Ektodermzellen  vergangenheit  als 
Stiimpfe  behalten.  Dièse  Stumpfe  konnen  dann  aber  wieder  aile 
Seitenketten  ansetzen,  die  den  Geriisten  von  Ektodermzellcharakter 
zuganglich  sind,  also  eventuell  auch  die  fur  die  Linsenbildung  mass- 
gebenden Seitenketten. 

Die  Aufzahlung  konnte  noch  weiter  fort  gesetzt  werden  ;  mir  sind 
keine  Entwicklungs-  und  Vererbungserscheinungen  bekannt,  die  sich 
nicht  in  gleich  einfacher  Weise  diesem  Vorstellungsbild  einfugen 
liessen. 

Wie  sich  die  Form  wahrend  der  Embryogenèse  epigenetisch  ent- 
wickelt,  so  entwickelt  sich  auch  ihr  chemischer  Inhalt  epigenetisch; 
er  steio-t  allmâhlich  vom  einfacheren  Zustand  im  Ei  auf  immer  hohere 
Stufen,  das  Vorausgegangene  stets  beniitzend,  aber  dem  Vorausge- 
gangenen  Neues  durch  geiinderte  Zell-  und  Kernarbeit  Typisches  (die 
Seitenketten  Verlangerndes)  hinzufiigend.  Aber  nur  die  Arbeit  hebt 
den  chemischen  Strukturbau  von  Stufe  zu  Stufe,  vom  allgemeinen 
Blastomerencharakter  beispielsweise  zum  Ektodermzellencharakter, 
dann  zum  Nervenzellencharakter,  u.  s.  f.  —  Wird  die  Arbeit  gestôrt 
durch  kiinstliche  Eingriffe  oder  sonstwie,  so  sinkt  die  chemische 
Organisationshohe  .  .  .  durch  Inaktivitiitsatrophie  .  .  .  unter  ungunsti- 


VERERBUNG  UND  GRUNDLAGE  DER  ZELLMECHANIK  343 

gen  Umstanden  bis  zum  Stammgeruststadium  des  Eizustandes  zii- 
riick;  sie  ist  aber  auch  dann  nicht  immer  verloren,  sondern  sie  kann 
sich  unter  Umstanden  wieder  nach  den  Gesetzen  der  flir  die  Bildung 
der  Seitenketten  massgebend  Affinitaten  aufs  Neue  epigenetiscli 
emporarbeiten. 

Also:  ^' Epigenese  jûr  Form  nnd  chemischen  Inhalt"  der  Embryo- 
nalentwicklung.  Das  kann  nicht  befremden,  denn  die  Formwand- 
lung  ist  wiihrend  der  Embryogenèse  nur  das  mechanische  Produkt  des 
chemisch  (physiologisch)  arbeitenden  Inhaltes,  und  ist  dièses  Produkt 
anerkanntermassen  epigenetisch,  so  wird  auch  der  Producent  epige- 
netisch  seine  Fahigkeiten  erlangen  und  steigern. 


AMITOSIS    AND     MITOSIS    IN    NORMAL    AND 
REGULATORY     GROWTH 

C.  M.   CHILD 

SiNCE  the  work  of  Ziegler  and  Vom  Rath  amitosis  lias  been  very 
generally  regarded  as  a  process  indicative  of  approacliing  degenera- 
tion  and  deatli  of  the  cell,  and  as  therefore  without  significance  in 
connection  with  nuclear  organization  and  of  little  importance  in 
developmental  growth.  Certain  observations  of  my  own  hâve  led  me 
to  very  différent  conchisions,  viz.,  that  amitosis  may  phiy  an  import- 
ant or  even  an  ahnost  exclusive  rôle  in  the  development  of  both  germ 
and  somatic  cells  in  certain  species,  and  that  while  in  extrême  cases 
it  may  be  foUowed  by  degeneration  and  death,  this  is  by  no  means 
necessarily  the  case. 

The  first  point  of  importance  concerns  the  actual  occurrence  of 
amitosis.  Varions  so-called  cases  of  amitosis  hâve  been  interpreted 
by  certain  authors  as  optical  delusions  resulting  from  partial  super- 
position, intimate  contact,  or  polymorphism  of  nuclei.  It  is  much 
more  difficult  to  be  certain  of  the  occurrence  of  amitosis  than  of 
mitosis  in  fixed  and  stained  tissues.  Only  the  closest  and  most  criti- 
cal  observation,  together  with  the  best  technique,  is  sufficient  to  per- 
mit definite  conclusions  in  most  cases.  Most  apparent  cases  are  not 
conclusive.  Only  the  fréquent  occurrence  of  critical  stages  which 
cannot  possibly  be  the  resuit  of  mitosis  or  superposition  or  poly- 
morphism of  nuclei  can  be  accepted  as  positive  évidence.  In  cer- 
tain cases,  however,  where  the  nuclei  are  increasing  rapidly  in  num- 
ber,  we  find,  instead  of  mitosis,  ail  stages  of  what  is  manifestly  direct 
division.  Plere  the  évidence  for  the  occurrence  of  amitosis  becomes 
conclusive. 

The  writer  believes,  moreover,  that  he  has  observed  amitosis  in- 
crete  in  living  embryonic  tissues,  though  the  possibility  of  error  in 
unstained  material,  as  well  as  the  further  possibility  that  the  condi- 
tions of  experiment  induce  abnormal  nuclear  phenomena,  must  be 
admitted. 

Granting  the  occurrence  of  amitosis,  three  questions  of  import- 
ance arise  with  respect  to  its  rôle  in  normal  and  regulatory  growth  : 
flrst,  how  large  a  part  does  amitosis  play  in  organic  development? 
second,  are  cells  which  hâve  divided  amitotically  capable  of  under- 
going  normal  mitosis  ?  and  third,  what  are  the  conditions  which  dé- 
termine the  occurrence  of  one  or  the  other  form  of  division? 
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As  regards  the  first  of  thèse  questions,  my  own  observations  hâve 
led  me  to  the  conchision  that  in  certain  species  cell-division  is  very 
largely  or  wholly  amitotic,  and  that  in  certain  other  cases,  in  which 
mitosis  has  commonly  been  supposed  to  be  the  sole  method  of  divi- 
sion, amitosis  really  plays  a  part  of  considérable  importance. 

Some  eight  years  ago  my  attention  was  directed  to  the  apparent 
absence  of  mitosis  in  the  growing  régions  of  the  cestode,  Moniezia 
expansa.  Further  study  confirmed  the  first  observations  concerning 
mitosis  and  showed  the  very  fréquent  occurrence  of  direct  division. 
After  the  most  careful  and  extended  study  of  this  species  the  conclu- 
sion was  reached  that  cell-multiplication  was  almost  wholly  amitotic 
in  the  earlier  stages  of  the  germ-cvcle  as  well  as  in  somatic  structures. 

Comparative  study  of  certain  other  forms  has  shown  somewhat 
similar  conditions.  In  the  growth  of  Planaria  and  certain  other 
turbellaria  mitosis  is  not  often  seen  while  direct  division  is  fréquent, 
and  in  the  development  of  the  imaginai  organs  of  certain  diptera 
from  the  imaginai  dises  mitosis  is  certainly  rare,  while  amitosis  is 
common.  In  Amphioxus  and  varions  vertebrate  embryos  amitosis 
appears  to  play  a  considérable  part  in  development,  especially  in 
régions  of  rapid  growth. 

In  form-regulation  direct  division  is  often  the  characteristic  method 
of  cell-multiplication.  In  Planaria,  for  example,  mitoses  occur  to  some 
extent  during  the  early  stages  of  régulation,  chiefly  during  the  first 
twenty-four  hours  after  section,  but  the  new  tissue  is  formed  almost 
wholly  by  direct  division.  Very  similar  conditions  exist  in  the  forma- 
tion of  new  hydranths  in  Tubularia  and  Corymorpha  among  the 
hydroids. 

That  amitosis  plays  an  important  part  in  organic  development,  at 
least  in  certain  species,  and  is  not  limited  to  more  or  less  highly  dif- 
ferentiated  tissues,  but  occurs  in  embryonic  stages  as  well,  can  be 
stated  positively.  Extended  research  is  necessary  before  we  can 
détermine  the  relative  frequency  and  importance  of  the  two  forms  of 
division  in  the  organic  world  in  gênerai. 

As  regards  the  second  question,  viz.,  the  ability  of  a  cell  to  divide 
mitotically  after  having  divided  amitotically,  positive  data  are  at  hand 
in  the  case  of  Moniezia,  a  part  of  which  data  hâve  already  appeared 
elsewhere.  In  this  form  no  case  of  mitosis  has  been  observed  in  the 
proglottids  before  the  appearance  of  the  reproductive  organs,  but 
during  thèse  stages  there  is  an  enormous  increase  in  the  number  of 
nuclei,  and  direct  division  is  very  fréquent.  Moreover,  in  the  earlier 
stages  of  development  of  the  ©varies  and  testes  themselves  mitosis  is 
very  rare  and  amitosis  fréquent,  and  in  the  ovaries  at  least  there  is  no 
évidence  of  degeneration  of  a  part  of  the  cells  before  maturation.  In 
later  stages  typical  maturation-mitoses  appear. 

Similar  évidence  regarding  other  species  has  been  obtained,  some 
of  which  has  been  briefly  stated  elsewhere. 
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Thèse  data  possess  a  certain  theoretical  importance  in  connection 
with  the  hypothèses  of  nuclear  and  f^hroraosome-organization.  If  a 
nucleus  which  has  divided  amitotically  once  or  repeatedly  can  later 
divide  mitotically  with  the  typical  number  of  chromosomes,  the  hypoth- 
esis  that  each  chromosome  is  represented  during  the  period  between 
mitoses  by  a  distinct  physiological  région,  and  so  maintains  a  continu- 
ons individuahty,  becomes  at  least  highly  improbable,  if  not  untenable. 
If  the  différent  chromosomes  consist  of  différent  substances,  we  are 
forced  to  beheve  either  that  thèse  varions  substances  are  distributed 
throughout  the  nucleus  between  mitoses  so  that  the  daughter-nuclei 
resulting  from  amitosis  receive  ail  of  them,  or  else  that  the  formation 
de  jiavo  of  such  substances  or  of  some  of  them  may  occur.  If  we 
accept  either  of  thèse  alternatives  we  cannot  properly  consider  the 
«chromosomes  as  self-perpetuating  individuals,  but  merely  as  periodi- 
cal  phenomena,  occurring  like  other  organic  phenomena  as  the  resuit 
of  certain  conditions. 

If  the  dictum  "omne  nucleus  a  nucleo  "  is  correct,  a  certain  con- 
tinuity  of  nuclear  material  may  of  course  be  postulated,  but  such 
continuity  does  not  differ  essentially  from  the  genetic  continuity 
which  exists  in  the  development  of  the  individual  or  the  évolution  of 
the  species. 

As  regards  the  significance  of  mitosis  ail  that  we  can  properly  say 
is  that  it  is  significant  of  certain  physiological  conditions  in  the  cell. 
Amitosis,  on  the  other  hand,  is  undoubtedly  correlated  with  the  prés- 
ence of  other  conditions. 

The  prol)lem  of  the  teleological  significance  of  mitosis  is  not  at 
présent  a  real  problem,  simply  because  we  hâve  not  the  data  which 
permit  us  to  décide  whether  any  such  significance  exists.  When  we 
know  more  of  the  nature  of  the  processes  involved,  we  may  be  in 
better  position  to  consider  the  significance  of  the  visible  morphologi- 
cal  phenomena. 

With  respect  to  the  conditions  which  détermine  the  two  forms  of 
division  but  little  can  be  said  at  this  time.  In  gênerai,  amitosis  ap- 
pears  to  be  associated  with  relatively  rapid  growth  or  assimilation,  as 
Ziegler  and  Vom  Rath  believed.  Apparently  its  occurrence  indicates 
a  condition  of  strong  stimulation  in  which  the  cell  cannot  maintain 
equilibrium.  The  apparently  acyclical  character  of  amitosis  lends 
support  to  this  view.  In  mitosis,  on  the  other  hand,  the  phenomena 
are  clearly  cyclical  as  regards  the  chromatin,  ard  this  suggests  the 
possibility  that  periodical  reversais  in  direction  of  processes  are  con- 
cerned.  Further  discussion  of  thèse  points  is  left  to  another  time  and 
place. 


DIFFERENCES  IN  THE  CHROMOSOME-GROUPS  OF 
CLOSELY  RELATED  SPECIES  AND  VARIETIES,  AND 
THEIR  POSSIBLE  BEARING  ON  THE  "  PHYSIO- 
LOGICAL    SPECIES" 

EDMUND   B.  WILSON 

A  NUMBER  of  observers  hâve  recorded  the  fact  that  nearly  related 
species  or  even  varieties  of  the  same  species  may  show  marked  différ- 
ences in  the  number  and  size-relations  of  the  chromosomes,  perhaps 
the  most  familiar  case  being  the  long-known  one  of  Ascaris  mega- 
locephala.  In  the  Hemiptera  heteroptera  related  forms  often  differ 
considerably  in  this  regard.  For  example,  in  the  genus  Podisus  three 
of  the  species  I  hâve  examined  (maculiventris,  modestus,  placidus) 
hâve  16  spermatogonial  chromosomes,  while  two  (crocatus,  hracteatus) 
hâve  but  14.  In  Largus  cinctus  the  maie  number  is  11,  the  female  12, 
while  in  L.  succinctus  the  corresponding  numbers  are  13  and  14.  In 
both  thèse  cases  the  species  in  question  are  immediately  distinguish- 
able.  In  the  genus  Banasa  a  much  greater  numerical  différence  exists 
between  two  species  that  are  otherwise  so  similar  as  sometimes  to  hâve 
been  confused  by  systematists,  though  the  examination  of  a  large 
séries  lias  convinced  me  that  they  are  always  distinguishable  by 
structural  characters.  Thèse  species  are  B.  calva  and  B.  dimidiata, 
of  which  the  former  has  typically  26  chromosomes,  the  latter  16. 
But  the  most  remarkable  case,  and  the  one  to  which  I  would  direct 
especial  attention,  is  that  of  the  common  and  widely  diffused  form 
Thyanta  ciiftator,  in  which  two  types  of  chromosome-groups  exist  in 
a  species  which  compétent  systematists  hâve  not  thus  far  been  able 
to  differentiate  even  into  two  varieties.  Individuails  taken  at  Madison, 
New  Jersey,  show  in  the  maie  27  chromosomes,  in  the  female  28; 
while  ail  those  from  Georgia,  South  Carolina,  Tennessee,  and 
Colorado  hâve  in  both  sexes  but  16.  No  intermediate  numbers 
liave  thus  far  been  found.  This  species  is  a  very  variable  one  in 
respect  to  shape,  size,  and  color,  and  ail  the  western  forms  and 
many  of  the  southern  ones  differ  noticeably  from  the  New  Jersey 
ones.  Nevertheless,  Van  Duzee,  the  well-known  specialist  of  the 
Pentatomidœ,  who  has  kindly  examined  the  séries,  states  that  he 
is  unable  to  find  in  the  external  characters  any  line  of  démarca- 
tion by  which  the  individuals  of  the  16-chromosome  type  can  be 
separated  from  the  others. 
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It  is  évident  that  such  a  différence  in  the  chromosomes  must  in- 
volve some  kind  of  constitutional  différence  between  the  two  forms, 
and  it  seems  possible  that  sufficiently  careful  observation  may  reveal 
corresponding  physiological  if  not  morphological  différences.  Is  it 
not  possible  that  a  key  may  hère  be  found  to  the  so-called  "physi- 
ological  species"  that  differ  in  respect  to  modes  of  development, 
instincts,  habits,  or  other  functional  relations  without  exhibiting 
visible  différences  in  the  external  morphological  characters  ?  The 
facts  further  siiggest  that  changes  in  the  number  of  the  chromosomes 
may  be  effected  not  only  by  slow  and  graduai  progression,  but  by 
sudden  mutations.  Such  mutations  might  involve  no  essential  change 
in  the  nuclear  content,  but  only  a  change  in  the  form  of  ségrégation 
into  chromosomes.  For  example,  in  Largiis  cinctus  two  of  the  chro- 
mosomes in  each  sex  are  much  larger  than  the  others.  The  nearly 
related  L.  succinctus  does  not  show  thèse  large  chromosomes,  but  the 
total  number  is  two  more  than  in  the  first-named  species  in  each  sex. 
Hère  we  may  plausibly  regard  the  two  large  chromosomes  of  cinctus 
as  represented  by  four  smaller  ones  in  succinctus,  the  two  large  ones 
of  cinctus  being  "bivalent."  But  when  we  consider  such  a  différ- 
ence as  that  between  Banasa  calva  and  B.  dimidiata,  or  between  the 
two  Thyanta  forms,  the  conception  of  bivalence  or  plurivalence  al- 
most  loses  its  meaning;  for  what  shall  we  consider  a  univalent  chro- 
mosome? It  seems  to  me  a  simpler  and  more  natural  view  that  the 
nucleus  consists  of  many  différent  materials  or  substances  that  seg- 
regate  in  a  particular  pattern  ;  that  différent  chromosomes  need  not, 
however,  represent  a  complète  séparation  of  différent  substances, 
but  are  in  many  cases,  perhaps  in  ail,  compound  bodies;  and  that 
the  particular  form  of  ségrégation  may  readily  change  from  species 
to  species.  Marked  or  even  extrême  changes  might  hâve  taken  place 
in  the  number  and  size-relations  of  the  chromosomes  that  would  in- 
volve little  or  no  .change  in  the  essential  quality  of  the  nuclear  sub- 
stance, and  the  apparent  anomaly  presented  by  différences  in  the 
chromosome-groups  of  nearly  related  forms  would  disappear. 


THE  SUPERNUMERARY  CHROMOSOMES  AND  THEIR 
RELATION  TO  THE  "  ODD  "  OR  "ACCESSORY" 
CHROMOSOME 

EDMUND   B.    WILSON 

It  has  become  almost  a  cytological  dogma  that  the  niimber  of 
chromosomes  in  a  given  species  is  on  the  whole  constant,  the  occa- 
sional  exceptions  to  this  rule  being  for  the  most  part  regarded  as  ap- 
parent rather  than  real,  —  for  example,  such  as  arise  through  the 
formation  of  double  or  multiple  groups,  through  bivalence  or  pluriv- 
alence  of  some  of  the  chromosomes,  and  the  like.  An  examination 
of  some  seventy  species  of  Hemiptera  heteroptera,  some  of  them 
represented  by  a  large  number  of  individuals,  has  in  fact  shown  a 
remarkable  constancy  in  nearly  ail,  though  a  few  true  fluctuations, 
other  than  the  merely  apparent  ones,  hâve  hère  and  there  been  ob- 
served.  A  remarkable  exception  to  this  rule  occurs  in  the  genus 
Metapodius,  where  I  hâve  found  in  three  quite  distinct  species  {ter- 
minalis,  femoratus,  and  granulosus)  that  the  species-number  is  vari- 
able, though  the  number  in  any  given  individual  is  constant.  Thus 
in  M.  tcrminalis  individual  maies  hâve  been  observed  that  show  re- 
spectively  in  the  spermatogonial  divisions  22,  23,  and  24  chromosomes  ; 
in  M.  femoratus,  22  and  26;  and  in  M.  granulosus,  23,  26,  and  (?)  27. 
A  corresponding  variation  exists  in  the  females  of  ail  three  species, 
the  numbers  observed  being  in  M.  terminalis  22  and  25,  in  M.  femo- 
ratus, 24  and  26,  and  in  M.  granulosus,  25  and  26.  Thèse  variations 
are  not  correlated  with  the  sexual  characters  or  with  any  other  visible 
structural  characters.  They  are  not  casual  fluctuations,  since  the  num- 
ber in  each  individual  is  constant,  and  the  number  présent  in  the 
maturation-divisions  is  definitely  correlated  with  that  seen  in  the 
spermatogonial  divisions  of  the  same  individual,  as  has  been  proved 
by  the  careful  study  of  a  very  large  number  of  division-figures,  many 
of  which  hâve  been  photographed. 

But  a  very  definite  order  exists  in  this  apparent  chaos.  When  the 
chromosome-groups  are  studied  in  détail,  more  particularly  in  the 
maie,  it  is  found  that  the  variations  are  due  to  the  présence  in  varying 
number  of  chromosomes  of  a  spécifie  kind,  which  I  propose  to  call 
the  supernumcrary  chromosomes,  since  they  may  be  entirely  absent. 
Thèse  chromosomes  are  of  small  size;  they  always  divide  as  univa- 
lents in  the  first  spermatocyte-division  ;  in  the  growth-period  they 
remain  in  a  compact  nucleolus-like  form;  and  both  in  the  growth- 
period  and  in  the  second  spermatocyte-division  they  are  usually  closely 
associated  with  the  idiochromosomes  to  form  a  compound   body. 
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Study  of  the  facts  leads  to  the  gênerai  conclusion  that  ail  the  individ- 
iials  possess  a  fundamental  or  type-group  of  22  chromosomes,  which 
alone  are  présent  in  certain  individiials.  Two  of  thèse  are  typical 
"m-chromosomes,"  2  are  a  pair  of  unequal  "idiochromosomes," 
while  18  are  ordinary  chromosomes  or  "autosomes."  In  such  in- 
dividiials the  first  spermatocyte-division  shows  always  12  chromo- 
somes (the  idiochromosomes  being,  as  usual,  separate  univalents), 
and  the  second  11.  When  one  supernumerary  is  présent  the  sper- 
matogonia  show  23  chromosomes,  and  the  first  division  13;  when 
2  or  4  supernumeraries  are  présent,  the  spermatogonial  number 
is  24  or  26,  while  the  first  spermatocyte-division  shows  14  or  16,  — 
i.  e.,  owing  to  the  fact  that  the  supernumeraries  remain  univalent  in 
the  first  division  this  division  shows  a  surplus  over  the  type-number 
(12)  equal  to  the  surplus  in  the  spermatogonia.  In  the  second  divi- 
sion the  apparent  number  (as  seen  in  polar  views)  is  variable,  owing 
to  the  fact  that  the  supernumeraries  usually  couple,  in  a  variable 
raanner,  with  the  idiochromosome-dyad. 

Detailed  study  of  the  second  division  shows  that  the  supernumer- 
ary chromosomes,  when  présent,  undergo  a  variable  and  often  asym- 
metrical distribution  to  the  spermatid-nuclei,  —  ^-  g-,  when  4 
supernumeraries  are  présent  each  spermatid  may  receive  2  of 
them  (13  chromosomes  altogether),  or  1  may  receive  3,  the  other, 
1  (respectively  14  and  12  chromosomes).  When  only  1  super- 
numerary is  présent,  half  the  spermatids  receive  11  and  half  12.  I 
believe  there  can  be  little  or  no  doubt  that  the  variations  seen  in  the 
somatic  numbers  take  their  origin  in  corresponding  combinations 
efîected  at  the  time  of  fertilization,  thèse  being  again  due  to  the 
varving;  numbers  in  the  gamètes. 

As  regards  the  origin  of  thèse  singular  conditions  I  believe  a 
plausible  explanation  may  be  ofîered,  as  follows  :  In  behavior  the 
supernumerary  chromosomes  agrée  in  every  respect  with  the  idio- 
chromosomes; and  that  they  are  of  similar  if  not  identical  nature 
may  be  inferred  from  their  marked  tendency  to  unité  with  thèse 
chromosomes  during  the  growth-period  and  in  the  second  division. 
In  size  they  are  usually  indistinguishable  from  the  small  "idiochro- 
mosomes," though  sometimes  somewhat  smaller.  I  therefore  think  it 
probable  that  thèse  chromosomes  are  supernumerary  or  duplicate 
small  idiochromosomes,  the  présence  of  which  is  due  to  a  failure  of 
the  idiochromosome-dyad  to  divide  in  an  earlier  génération.  I  hâve 
in  fact  observed  that  now  and  then  such  a  failure  of  division  occurs  in 
the  second  spermatocyte-division,  both  idiochromosomes  passing  to 
one  pôle.  In  such  cases  this  pôle  receives  12  chromosomes,  the  other 
but  10;  and  in  the  former  case  the  small  idiochromosome  becomes 
indistinguishable  from  a  supernumerary  chromosome.  An  egg  fer- 
tilized  by  such  a  spermatozoôn  would  possess  one  supernumerary; 
and  the  same  would  be  true  of  half  the  gamètes  of  such  an  individual 
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(whether  a  maie  or  a  female).  It  is  easy  to  see  how  from  such  a  be- 
ginning  the  number  might  increase  in  subséquent  générations;  but 
there  is  evidently  a  limit  to  this  process,  since  the  largcst  number 
of  supernumeraries  I  hâve  found  is  five,  and  that  in  only  a  single 
individual. 

This  interprétation  offers  also  a  new  suggestion  regarding  the 
origin  of  the  odd  or  accessory  chromosome.  As  pointed  out  above,  a 
faiiure  of  division  on  the  part  of  the  idioehromosome-dyad  leaves  one 
pôle  without  a  small  idiochromosome,  and  hence  with  only  10  chro- 
mosomes. The  fertilization  of  an  ordinary  egg  with  11  chromosomes 
would  produce  an  individual  with  21  chromosomes,  including  a 
single  large  idiochromosome  (derived  from  the  egg),  which  would  be 
indistinguishable  from  an  odd  or  accessory  chromosome.  I  believe 
that  this  may  ofïer  a  more  probable  solution  of  the  problem  of  the 
origin  of  the  odd  chromosome  than  any  hitherto  advanced  ;  and  that 
Metapodius  (which  stands  alone  among  observed  Coreidœ  in  the  pos- 
session of  a  pair  of  idiochromosomes)  may  represent  a  process  of 
transition  from  the  idiochromosome-type  to  the  odd  chromosome-type. 
This  agrées  perfectly  with  my  earlier  identification  of  the  odd  chro- 
mosome with  the  large  idiochromosome,  and  with  my  suggestion  that 
the  small  idiochromosome  is  in  process  of  degeneration  or  disap- 
pearance.  It  further  explains  the  apparent  anomaly  that  individuals 
that  difïer  so  considerably  in  the  chromosome-group  should  show  no 
corresponding  morphological  différence;  for  the  supernumeraries, 
under  the  hypothesis,  are  Lut  duplicates  of  the  small  idiochromo- 
some, and  degenerating  structures  at  that. 

If  this  be  the  correct  view  we  should  expect  to  find  certain  indi- 
viduals of  Metapodius  with  but  21  chromosomes,  including  an  odd  or 
accessory.  I  hâve  not  found  such  individuals  in  my  material,  but 
Montgomery  has  in  fact  thus  described  the  relations  in  M.  terminalis ; 
and  an  examination  of  his  préparations  has  satisfied  me  of  the  cor- 
rectness  of  his  account.  I  hâve  previously  expressed  the  opinion  that 
the  différence  between  his  material  and  my  own  might  be  due  to  an 
error  in  determining  the  species;  but  I  now  think  it  not  improbable 
that  the  identification  was  correct,  and  that  INIetapodius  may  actually 
présent  a  case  in  which  différent  individuals  of  the  same  species  may 
possess  either  a  pair  of  idiochromosomes  or  a  single  odd  or  accessory 
chromosome.  If  this  really  be  the  case,  the  explanation  ofîered  above 
as  to  the  origin  of  the  odd  chromosome  becomes,  I  think,  a  very 
probable  one. 

I  will  point  out,  finally,  that  thèse  facts  seem  fatal  to  any  theory 
of  sex-production  that  opérâtes  with  merely  quantitative  différences 
in  the  total  mass  of  chromatin;  for  in  thèse  animais  sex  is  quite  in- 
dependent  both  of  the  number  of  chromosomes  and,  apparently,  also 
of  the  entire  mass  of  the  chromatin. 


A    STUDY    OF    THE    CHROMOSOMES    OF    ŒNOTHERA 
LAMARCKIANA,   ITS   MUTANTS   AND   HYBRIDS 

ANNE  M.  LUTZ 

An  exceptional  opportunity  was  ofîered  at  the  Station  for  Expéri- 
mental Evolution  at  Cold  Spring  Harbor  for  a  study  of  the  germ  cells 
of  Œnothera,  inasmuch  as  pedigreed  cultures  derived  from  pure 
bred  seed  obtained  from  de  Vries  and  McDougal,  had  been  grown  at 
the  station  for  three  générations.  As  it  seemed  advisible  to  first 
become  acquainted  with  the  somatic  cells  of  those  forms  whose  germ 
cells  I  should  consider  later.  Work  was  begun  upon  the  root  tips  of 
pot  bound  greenhouse  plants  in  the  rosette  stage,  and  this  has  opened 
up  a  field  of  study  of  such  absorbing  interest  that  my  attention  for 
the  immédiate  future  will  be  confined  exclusively  to  this. 

Only  a  few  forms  hâve  so  far  been  studied,  and  with  but  two 
exceptions,  to  be  mentioned  later,  ail  were  of  known  parentage. 

Gates  ^  has  reported  the  sphorophyte  number  of  chromosomes  for 
Œnothera  laniarckiana  to  be  fourteen,  and  my  observations  hâve  in 
the  main  confirmed  his  count,  with  hère  and  there  an  indication  of 
a  fif teenth  ;  in  no  case,  however,  hâve  -I  been  able  to  demonstrate 
the  actual  présence  of  a  fifteenth  chromosome. 

As  reported  in  Science-  for  August  second  of  the  présent  year,  an 
unexpected  condition  was  found  in  0.  gigas,  a  pure  bred  strain  aris- 
ing  from  a  mutant  coming  out  of  de  Vries'  pure  lamarckiana  about 
1895.  In  every  figure  in  which  the  chromosomes  were  sufEciently 
separated  to  be  counted,  the  number  was  found  to  be  twenty-eight, 
with  hère  and  there  an  indication  of  a  twenty-ninth.  In  no  case, 
however,  was  the  présence  of  a  twenty-ninth  chromosome  actually 
demonstrated. 

Pure  bred  0.  ruhrinervis  was  left  exposed  for  open  pollination, 
and  the  offspring  arising  from  this,  once  more  identified  as  ruhrinervis 
was  the  subject  of  my  next  study.  Fifty-three  figures  wère  observed 
in  which  fourteen  chromosomes  could  be  counted  with  certainty;  and 
with  but  one  exception,  no  case  was  found  in  which  there  appeared 
the  slightest  indication  of  a  fifteenth  chromosome. 

O.  lamarckiana,  also  arising  from  the  open  pollination  of  pure 
bred  ruhrinervis  was  found  to  agrée  exactly  with  that  of  ruhrinervis 
above  described.  I  saw  no  indication  of  a  larger  number  in  any  of 
the  many  tips  examined. 

'  Botanical  Gazette,  July,  1907.  ^  Science. 
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O.  ncmella  lias  not  been  studied  with  sufficient  thoroughness,  as 
yet,  to  warrant  definite  conclusions,  further  than  to  say  that  it  ap- 
proaches  the  lamarckiana  type. 

Through  the  kindness  of  Dr.  McDougal  I  hâve  some  plants  from 
his  former  cultures  at  the  New  York  Botanical  Garden,  whose  his- 
tory  is  as  follows  :  seed  was  sent  Miss  Vail  from  England  as  O.  bien- 
nis;  it  proved  to  be  lamarckiana.  One  of  the  plants  from  the  first 
sowing  was  a  laia,  and  by  pollinating  ail  of  the  flowers  of  the  latter 
wherever  any  pollen  at  ail  matured,  seed  of  pure  strain  was  obtained. 
This  when  sown  again  produced  lata,  ohlonga,  lamarckiana,  and 
albida,  ail  of  which,  with  the  exception  of  the  latter,  I  now  hâve 
fiowering  in  the  garden.  Hère  also  my  studies  are  incomplète,  but  it 
will  be  of  interest  to  note  that  thèse  forms  also  approach  the  lamarcki- 
ana type.  From  one  tip  of  O.  lata,  however,  I  hâve  made  a  positive 
count  of  fifteen  chromosomes,  and  from  others  of  the  same  plant 
there  seemed  to  be  but  little  question  that  this  count  could  be  repeated. 
Gates  has  reported  fourteen  chromosomes  for  lata,  but  it  will  be  re- 
called  that  his  plants  were  offspring  of  a  cross  between  0.  lata  9  and 
O.  lamarckiana  S,  as  lata  does  not  ordinarily  mature  its  pollen. 
However,  I  may  add  that  I  hâve  examined  sections  of  root  tips  of 
pure  bred  lata  in  which  I  saw  no  indication  of  a  number  of  chromo- 
somes in  excess  of  fourteen.  I  hope  that  further  studies  will  throw 
more  light  upon  the  subject. 

Of  especial  interest  has  been  a  cross  of  Shull's  culture  between 
0.  lata  9  and  O.  gigas  $.  Three  offsprings  were  obtained  which 
I  will  designate  respectively  as  A,  B,  and  C.  Plant  C  showed  a  typical 
gigas  chromosome  condition;  twenty-eight  or  twenty-nine.  Nine- 
teen  tips  were  studied,  and  although  the  majority  of  figures  were 
uncountable,  it  could  be  invariably  ascertained  that  the  number 
never  approached  the  lata  or  lamarckiana  type,  or  appeared  to  re- 
semble any  other  with  which  I  am  at  présent  familiar,  than  that  of 
gigas.  The  conditions  in  A  and  B,  however,  were  totally  différent. 
In  every  tip  from  the  former  in  which  it  was  possible  to  count  the 
chromosomes,  I  found  twenty-one;  never  more.  From  plant  B  I 
obtained  good  sections  of  but  two  tips,  one  of  which  was  excellent. 
In  sevcn  countable  figures  I  found  twenty-two  chromosomes. 

The  work  upon  the  Œnotheras  was  undertaken  with  no  ambition 
to  confirm  or  overthrow  any  preconceived  ideas  concerning  the 
behavior  of  the  chromosomes,  and  an  effort  will  be  made  throughout 
thèse  studies,  to  which  the  présent  report  is  merely  a  preliminary,  to 
préserve  only  an  unprejudiced  record  of  actual  observations.  One 
of  the  most  interesting  points  brought  to  my  notice  has  been  the  indi- 
cation of  variation  in  the  number  of  chromosomes  found  within  différ- 
ent plants  of  the  same  species.  While  I  hâve  given  the  number  for 
the  highest  count  of  chromosomes  in  each  case,  and  hâve  stated  that 
which  seemed  to  be  prevailingly  characteristic  for  each,  I  cannot 
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ignore  the  faet  that  a  number  of  cases  --- *s^ved  in  ea^^^  form 
sidied  m  whieh  one  or  more  chromosomes  ot  a  » 
,.eking    and  couM  not  be  io.ué^.n^^^  Kugh%rudgingly 
XiuTbr-ny.   a^  eom-n  to'' aU  cytologists.  and  must  be 
considered  in  future  studies. 


THE   CHROMOSOMES  OF  ŒNOTHERA  MUTANTS  AND 

HYBRIDS 

R.   R.   GATES 

The  following  is  a  brief  suramary  of  a  few  of  the  results  of  my 
work  thus  far  on  the  cytology  of  Œnothera.  The  work  was  begun  in 
the  summer  of  1905,  and  part  of  the  results  hâve  already  been  pub- 
lished.  The  researches  are  still  in  progress,  and  full  accounts  with 
figures  are  in  process  of  préparation. 

Ail  the  plants  studied  were  grown  from  guarded  seeds  of  De  Vries. 
Many  of  thèse  plants  were  also  self-pollinated  and  erossed  under 
conditions  of  isolation  in  1906  at  the  Marine  Biological  Laboratory, 
Woods  Hole,  Mass.,  and  this  year  (1907)  I  am  growing  at  the  Uni- 
versity  of  Chicago  a  culture  of  about  1700  plants,  chiefly  from  seeds 
obtained  from  thèse  crosses.  My  cytological  study  has  been  chiefly 
with  the  germ  cells,  particularly  synapsis  and  the  réduction  mitoses 
in  the  pollen  mother  cells,  with  incidental  observation  of  adjacent 
somatic  mitoses. 

In  Œnothera  lamarckiana  the  sporophyte  or  2  X  number  of  chro- 
mosomes is  14,  the  reduced  number  being  7.  This  is  undoubtedly 
the  common  or  ordinary  number  of  chromosomes  in  the  genus,  from 
which  ail  other  numbers  may  be  regarded  as  derivatives.  When 
0.  lata  is  erossed  with  0.  lamarckiana  \t  gives  rise  to  the  two  parent 
forms  in  the  first  hybrid  génération.  My  first  examination  of  O.  lam- 
arckiana plants  from  this  cross  showed  constantly  20  chromosomes. 
In  the  heterotypic  mitosis  10  chromosomes  regularly  enter  each 
daughter  nucleus.  Occasionally,  however,  11  chromosomes  were 
found  at  one  pôle  of  the  spindle,  but  in  ail  such  cases  only  9  chro- 
mosomes entered  the  corresponding  daughter  nucleus,  showing  that 
one  chromosome  had  passed  to  the  wrong  pôle  of  the  spindle.  I  had 
anticipated  finding  21  chromosomes,  which  might  hâve  explained  the 
number  as  a  multiple  of  7,  but  in  a  large  number  of  counts  made  in 
varions  stages  of  the  heterotypic  mitosis  I  always  demonstrated  20 
chromosomes  and  never  21  in  a  single  case.  It  might  be  assumed 
that  an  unpaired  chromosome  would  be  lost  in  the  cytoplasm  of  the 
cell  some  time  after  synapsis,  but  I  hâve  never  found  such  a  chro- 
mosome, and  moreover,  in  a  number  of  counts  made  of  somatic 
mitoses  in  varions  adjacent  flower  tissues  which  were  actively  divid- 
ing,  I  was  never  able  to  demonstrate  more  than  20  chromosomes, 
though  it  should  be  said  that  in  somatic  tissues  the  chromosomes  are 
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miich  smaller  and  less  satisfactory  to  cleal  with  than  in  the  germ 
ccUs.  Moreover,  if  this  number  of  chroniosomes  had  originated 
tlirough  the  union  of  three  niiclei  having  7  chromosomes  each,  or  of 
two  parental  nuclei  having  respectively  7  and  14  chromosomes,  we 
should  expect  to  find  homologoiis  chromosomes  pairing,  i.  e.  7  with  7, 
and  the  remaining  7  not  pairing  with  each  other  but  being  irregularly 
distributed.  This  condition  was  found  by  Rosenberg  in  Drosera 
rotundifolia  X  D.  longifolia,  in  which  in  the  réduction  mitoses  the 
10  chromosomes  from  one  parent  pair  with  10  of  the  20  from  the 
other  parent,  while  the  remaining  10  are  irregularly  distributed  or  left 
out  in  the  cytoplasm.  Nothing  of  this  kind  lias  l^een  observed  in  this 
hybrid  however,  but,  instead,  10  chromosomes  regularly  enter  each 
daughter  nucleus,  with  the  occasional  exceptions  already  noted.^ 

I  hâve  since  examined  material  of  lamarckiana  plants  from 
another  cross  of  O.  lata  with  O.  lamarckiana,  in  which  the  number 
of  chromosomes  is  14.  This  makes  it  probable  that  20  is  an  excep- 
tional  number.  It  is  évident  that  a  large  number  of  individuals  will 
hâve  to  be  examined  to  détermine  the  distribution  of  the  chromo- 
some count.  It  is  also,  of  course,  essential  to  know  the  complète 
pedigree  of  every  plant  studied.  In  the  heterotypic  mitosis  in  this 
hybrid  one  finds  with  comparative  frequency  that  one  chromosome 
passes  to  the  wrong  pôle  of  the  spindle,  thus  making  the  numbers  of 
chromosomes  in  the  daughter  nuclei  respectively  8  and  6.  Thèse 
irregularities  in  the  distribution  of  the  chromosomes  in  the  hetero- 
typic mitosis  should,  en  the  basis  of  the  persistence  or  "genetic  con- 
tinuity  "  of  the  chromosomes,  lead  to  variations  in  the  chromosome 
counts  of  différent  individuals  of  the  same  race,  and  it  is  possibly  in 
this  direction  that  the  explanation  of  some  of  the  variations  in  chro- 
mosome numbers  is  to  be  sought. 

In  the  telophase  of  the  heterotypic  mitosis  the  chromosomes 
usually  hâve  the  appearance  of  tetrads  (though  this  is  not  invariable), 
but  they  are  in  reality  bivalent  chromosomes  with  the  members  of  a 
pair  variously  placcd  in  regard  to  each  other,  lying  across  each  other 
or  at  varions  angles  or  side  by  side.  This  condition  has  been  observed 
in  the  hybrids  already  mentioned  having  20  and  14  chromosomes 
respectively,  and  in  O.  rubrincrvis. 

In  the  telophase  of  the  somatic  mitoses  examined  (fîower  tissues), 
the  chromosomes  are  usually  two-lobed  in  appearance,  though  in  the 
metaphase  and  anaphases  they  are  rods  or  loops.  The  chromosomes 
in  the  telophase  of  the  homotypic  mitosis  are  also  usually  two-lobed 
or  constricted  in  the  middle.  The  homotypic  chromosomes  are  at 
this  time  reduced  nearly  to  the  size  of  the  somatic  chromosomes. 
In  the  telophase  of  the  heterotypic  mitosis  the  members  of  a  bivalent 
chromosome  are  less  frequently,  though  occasionally,  two-lobed  or 

^  This  hybrid  is  now  known  to  be  0.  lata  X  0.  gigas.  See  Bot.  Gaz.  48: 179-199. 
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dumb-bell  sliaped.  It  is  possible  that  this  constrictcd  shupe  of  the 
chromosomes  may  be  influenced  to  some  exteiit  by  the  treatment,  as 
it  appears  to  be  absent  from  the  telophase  of  the  heteroty])ic  initosis 
in  some  of  tlie  material  examine(h 

In  O.  ruhriuervis  the  numl^er  of  chromosomes  was  found  to  l)e 
14  in  every  case  connte(L  The  pollen  mother  cell  is  considerably 
larger,  bnt  the  chromosom(\s  ai'e  a])proximately  the  saine  size  as  in 
the  other  forms  examined.  The  heterotypic  spindle  is  correspond- 
ingly  larger  and  with  more  numerous  mantle  Hbres.  Conspicnous 
protO])lasmic  connections  are  commonly  fonnd  between  the  mother 
cells  in  this  mntant,  and  are  probably  of  constant  occurrence. 
O.  iiaiiclla  also  lias  ]4  chromosomes  so  far  as  connts  hâve  been 
niade.  The  size  of  its  chromosomes  and  pollen  mother  cells  is  about 
the  same  as  in  0.  lauidrclcidiia,  the  cells  prol)al)ly  somewhat  smaller. 

0.  hioniis'  crucuda  is  a  mutant  or  variety  of  the  European  O.  hicii- 
iiis,  v.-hich  was  found  by  De  Vries  in  a  locality  in  Holland.  Plants  of 
tliis  variety  were  grown  from  guarded  seeds  of  De  ^^ries.  The  pollen 
mother  cells  in  synapsis  show,  in  addition  to  the  large  nucleohis  and 
the  délicate  spirem  which  is  coiled  in  tlie  synaptic  knot,  a  very  much 
smaller  body  the  size  of  a  chromosome,  spherical,  and  apparently 
hollow.  At  any  rate  its  centre  stains  less  deeply  than  the  surround- 
ing  portions,  appearing  as  a  lighter  area.  In  appearance  tlie  l)ody 
is  much  like  a  small  nucleohis,  though  it  usually  stains  less  dee])ly. 
This  body  lias  been  observée!  in  nearly  every  mother  cell  and  i.s 
apparently  constantly  présent.  It  always  has  the  same  size,  cliar- 
acteristic  appearance,  and  staining  properties.  This  body  not  only 
differs  greatly  from  the  nucleohis  in  size  and  shape,  but  in  that  it 
persists  as  a  body  taking  the  chromatin  stain,  while  the  nucleoli  dis- 
appear  very  soon  after  the  nuclear  membrane  breaks  down  in  the 
prophase  of  the  heterotypic  mitosis,  and  usually  lose  their  power  of 
taking-  chromatin  stains  even  before  this.  The  nucleohis  itself  is 
many  times  larger  and  usuallj  in  this  stage  of  synapsis,  flattened 
against  the  nuclear  wall. 

I  judge  this  to  be  the  same  body  wliich  occurs  very  commonly 
beside  the  spindle  during  the  réduction  mitoses  in  O.  lamarckinna, 
in  the  hybrids  between  O.  lata  and  0.  lamarckiaud,  and  in  O.  ruhri- 
nervis,  in  ail  of  which  I  hâve  observed  it.  In  the  hybrid  having  20 
chromosomes,  two  of  thèse  boflies  were  frequently  oljserved  to  be 
présent  during  the  heterotypic  mitosis. 

Thèse  bodies  were  provisionally  designated  hétérochromosomes 
on  account  of  their  close  resemblance  to  the  chromosomes  in  appear- 
ance, and  because  of  their  fréquent  occurrence  on  the  spindle.  But 
the  right  is  reserved  to  apply  another  term,  if  wlien  their  origin  and 
full  history  is  known,  another  name  is  found  more  apj^ropriate. 
With  careful  staining  they  will  probably  be  found  in  syna{)SLs  in 
other  species  of   Œnothera,  and   perhaps  search  will   reveal  bodies 
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of  a  similar  nature  in  other  plants.  Thèse  few  facts  in  regard  to 
thèse  bodies  are  stated  reservedly  until  their  complète  history  is 
known.     This  is  now  being  worked  ont. 

Researches  on  ail  thèse  mutants  and  others  are  being  continued, 
as  the  simultaneous  study  of  ail  the  forms  affords  a  valuable  means 
of  comparison. 


UEBER    DIE   MYXOSPORIDIEN  VON    DREPANOPSETTA 
PLATESSOIDES    (FABR.) 

S.  AWERINZEW 

Indem  ich  die  zweisporigen  Myxosporidien  aus  der  Gallenblase 
von  Drepanopsetta  platessoides  untersuchte,  bin  ich  zu  der  Ueber- 
zeugung  gelangt,  dass  der  Entwicklungsgang  ihres  Sporen  ziemlich 
betriichtlich  von  den  Vorgiingen  abweicht,  welche  wir  wàhrend  der 
Bildung  der  Sporen  bei  den  vielsporigen  Myxosporidien  beobachten. 

Das  hauptsâchlichste  Unterscheidungsmerkmal  bildet  das  Fehlen 
eines  typisclien  Pausporoblasten  bei  den  zweisporigen  Myxosporidien, 
aus  welchem,  nachdem  sich  12-14  Kerne  in  dessen  Inneren  gebildet 
haben,  zwei  Sporen  entstehen;  bei  den  Myxosporidien  aus  der  Gal- 
lenblase von  Drepanopsetta  platessoides  wird  jede  Spore  einzeln  aus 
einer  selbstândigen  Anlage  gebildet,  welche  aus  der  Kopulation 
zweier  Gebilde  mit  von  einander  verschiedenen  Kernen  hervorgeht. 

In  einer  jeden  solchen  Anlage  entstehen  nicht  etwa  mehrere, 
nicht  von  einander  gesonderte  Kerne,  wie  wir  dies  bei  den  vielsporigen 
Formen  sehen,  sondern  es  erfolgt  unmittelbar  eine  Theilung  der 
Keim-Zelle  in  zwei  Hâlften,  von  welchen  die  eine  Zelle  dem  Inhalt 
der  zukûnftigen  Spore  seinen  Ursprung  giebt,  die  andere  hingegen  — 
der  Huile  dieser  letzteren. 

Bei  der  darauffolgenden  Entwicklung  machen  dièse  beiden  Zellen 
eine  weitere  Theilung  durch  :  die  Zelle,  welche  die  Anlage  der  Hiille 
reprâsentiert,  erfàhrt  eine  Zweitheilung,  entsprechend  den  beiden 
Hàlften  der  Sporenhûlle;  die  den  Sporeninhalt  reprâsentierende 
Zelle  theilt  sich  ebenfalls  in  zwei  Hàlften,  von  welchen  die  eine  den 
eigentlichenaus  einer  Zelle,  aber  mit  zwei  Kernen,  bestehenden  Korper 
der  Spore  abgiebt,  wàhrend  die  andere,  sich  weiter  theilend,  die- 
jenigen  Zellen  hervorbringt,  aus  denen  spàterhin  die  Polkapseln 
entstehen. 

Ausser  den  genannten  Anlagen  finden  sich  im  Korper  der  zwei- 
sporigen Myxosporidien  wàhrend  der  Entwicklung  der  Sporen  auch 
noch  zwei  Kerne,  deren  Aufgabe  es  ist,  das  Gleichgewicht  in  den 
vegetativen  Prozessen  des  gesamten  Organismus  aufrecht  zu  erhalten, 

Was  nun  die  Bedeutung  der  Verschmelzung'der  beiden  an  Grosse 
verschiedenen  Kerne  wàhrend  der  Bildung  der  Porenanlagen  betrifft, 
—  ob  wir  es  hier  mit  einer  Antogamie  oder  mit  einer  versteckten 
Hétérogamie  zu  thun  haben  —  so  bleibt  dièse  Frage  fiir  mich  einst- 
weilen  unaufgeklârt,  allein  ich  neige  noch  am  meisten  der  Ansicht 
zu,  dass  die  Kopulation  der  Kerne  nur  das  Endstadium  einer  voran- 
gegangenen  Verschmelzung  des  Protoplasma  zweier  Myxosporidien 
darstellt. 


SOME   OBSERVATIONS    ON   THE    CYTOLOGY   OF 
INVERTEBRATE    NERVE    CELLS 

(Abstract) 

W.  W.  SMALLWOOD  AND  C.   G.   ROGERS 

The  purpose  of  this  report  is  to  record  our  observations  upon 
the  structure  of  the  cytoplasm  other  than  neuro-fibrillar.  The  vari- 
ous  terms  employed  to  describe  the  stainable  and  non-stainable 
substances  of  the  cytoplasm  of  vertebrate  nerve  cells  hâve  been  in 
quite  a  large  measure  carried  over  to  the  description  of  the  inverte- 
brate  nerve  cells.  Since  the  Nissl  bodies  were  discovered,  a  large 
number  of  terms  hâve  been  employed  to  describe  similar  structures. 
Thèse  différent  terms  indicate  the  large  amount  of  uncertainty  as 
to  the  significance  of  the  bodies  found  in  the  cytoplasm.  In  addi- 
tion to  the  so-called  Nissl  bodies  there  is  présent  pigment  which,  in 
certain  instances  at  least,  lias  been  confused  with  Nissl  bodies,  because 
the  observations  were  made  only  upon  fixed  material. 

The  structure  of  the  cytoplasm  of  invertebrate  nerve  cells  is 
modified  by  the  présence  of  vacuoles,  lymph  spaces,  and  the  actual, 
though  infrequent,  pénétration  of  nerve  cells  by  capillaries.  The 
vacuoles  occur  in  the  cytoplasm,  nucleus  and  nucleolus,  and  are 
probably  in  each  case  formed  in  a  similar  manner  even  when  the 
exciting  cause  is  différent.  The  vacuoles  which  occur  in  the  nucleolus 
are  similar  to  those  that  occur  in  this  structure  in  ova  during  their 
growth  in  most  animais.  The  vacuoles  that  occur  in  the  nucleus  are 
not  as  common,  and  it  is  doubtful  whether  they  are  normally  présent. 
So  far  as  we  are  aware  they  hâve  not  been  seen  in  the  living  nerve 
cells,  but  are  common  in  cadaveric  spécimens.  Nerve  tissue,  poorly 
fixed,  may  also  exhibit  them,  which  renders  it  ail  the  more  probable 
that  they  are  artifacts.  The  vacuoles  in  the  cytoplasm  are  présent 
in  the  nerve  cells  of  many  animais,  both  vertebrate  and  invertebrate. 
They  can  be  seen  in  the  living  nerve  cells  of  gasteropods  and  in  the 
crayfish,  and  hâve  been  reported  in  some  vertebrate  nerve  cells. 
In  well-fixed  and  stained  sections,  vacuoles  are  very  commonly  found 
which  agrée  in  form  and  appearance  with  the  condition  in  the  living 
cells.  Considérable  work  has  been  donc  to  détermine  the  question 
whether  or  not  cytoplasmic  vacuoles  hâve  a  definite  wall.  It  is  neces- 
sary  in  this  connection  to  distinguish  them  from  the  lymph  spaces 
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and  capillaries.  The  vacuoles  are  usiially  small  and  irregularly  dis- 
tribiited  throughout  the  cytoplasm.  They  contain  a  homogeneous 
fluid  or  difïerential  bodies,  and  their  présence  is,  we  believe,  inti- 
mately  associated  with  the  metaboHsm  of  the  cell  and  probably  with 
its  constructive  phases.  Thèse  vacuoles  vary  in  number  in  the  same 
animal  and  in  the  same  species,  which  would  indicate  that  they  are 
transi  tory  structures  which  appear  under  the  influence  of  certain 
chemical  changes  and  then  disappear.  A  critical  study  of  the 
cytoplasm  in  contact  with  the  vacuoles  fails  to  show  any  évidence  of 
a  separate  wall.  The  vacuole  in  the  living  nerve  cell  very  forcibly 
reminds  one  of  the  food  vacuoles  in  Protozoa  whkh  appear  to  hâve 
a  wall,  but  this  appearance  is  really  due  to  the  contact  of  fluids  of 
différent  refractive  index.  In  stained  spécimens  the  vacuoles  look 
as  if  they  were  limited  by  a  more  deeply  staining  border,  but  this  may 
be  explained  as  due  to  the  accumulation  of  cytoplasmic  granules 
about  the  enclosed  fluid.  We  believe  that  it  is  no  more  proper  to 
speak  of  a  w^all  to  thèse  vacuoles  than  it  is  to  say  that  the  numerous 
vacuoles  in  the  Protozoa  hâve  walls. 

The  lymph  spaces  are  of  a  différent  character,  and  are  usually 
located  in  the  periphery  of  the  cytoplasm.  They  are  intimately 
associated  with  the  circulatory  System  and  may  contain  blood;  in 
some  of  the  larger  invertebrate  nerve  cells  the  periphery  is  richly 
supplied  with  lymph  canals  which  may  ©ccasionally  contain  cor- 
puscles.  Thèse  canals  or  spaces  can  in  many  instances  be  traced 
directly  in  to  the  surrounding  neuroglia  tissue,  and  appear  to  be  of 
a  more  permanent  character  than  the  vacuoles.  We  are  inclined  to 
believe  that  thèse  lymph  canals  are  supplied  with  definite  walls. 

A  sufficient  number  of  instances  hâve  been  observed  by  us  as 
well  as  described  by  others  to  show  that  occasionally  nerve  cells 
are  actually  penetrated  by  capillaries.  Thèse  capillaries  terminate 
in  finger-like  branches,  through  the  cell,  or  even  through  two  or  three 
adjacent  cells.    They  hâve  a  definite  wall  and  contain  blood  corpuscles. 

Our  detailed  study  upon  the  nerve  cells,  particularly  of  gastero- 
pods,  has  not  been  upon  any  particular  ganglion.  The  form  of  the 
nervous  System  of  mollusca  is  such  as  to  prohibit  any  such  study. 
The  resuit  has  been  that  we  hâve  not  restricted  our  observations.  Our 
observations  hâve  been  upon  the  following:  Haminea,  Venus,  Pla- 
norbis,  Limax,  Hélix,  Littorina,  Melentho,  Montagua,  i\.plisia,  and 
the  crayfish,  Astacus.  In  ail  of  thèse  the  commonest  cytoplasmic 
structure  is  the  vacuole.  In  the  living  nerve  cells,  isolated  and  mounted 
in  the  blood  of  the  animal  from  which  it  is  taken,  little  can  be  seen  of 
its  detailed  structure.  The  vacuole  can  be  determined  in  the  follow- 
ing manner  :  The  living  isolated  nerve  cell  is  placed  in  a  1  /500  per 
cent  solution  of  méthylène  blue  or  neutral  red  in  common  sait  solution 
under  an  oil  immersion  lens.  At  first  but  little  can  be  determined, 
but  as  the  stain  progresses  the  vacuoles  become  more  distinct  and 
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their  contents  take  on  a  differential  stain,  The  time  that  it  takes 
to  stain  thèse  vacuoles  will  vary,  but  usually  from  five  to  twenty 
minutes  will  be  the  limit,  as  after  that  time  the  nerve  cells  are  apt 
to  become  very  deeply  stained,  and  undergo  some  changes  in  their 
gênerai  appearance  and  the  character  of  their  parts.  This  gives  only 
about  fifteen  minutes,  when  a  critical  study  may  be  made.  During 
this  time  the  vacuoles  are  readily  made  out  as  isolated,  spherical 
bodies  containing  a  fluid.  It  is  impossible  to  trace  any  connection 
between  vacuole  and  vacuole.  The  size  is  also  further  évidence  of 
their  individuality,  for  they  range  from  the  very  minutest  bodies 
recognizable  with  the  oil  immersion  lens  to  structures  one  third  the 
size  of  the  nucleus.  Studying  the  vacuoles  in  Planorbis  and  Limax 
for  two  years,  in  which  we  examined  almost  weekly  the  living  nerve 
cells  from  hundreds  of  spécimens,  we  are  convinced  that  thèse  vacuoles 
are  transitory  structures,  and  that  they  vary  in  number  from  time  to 
time,  and  that  they  are  not  limited  by  a  distinct  wall.  The  vacuoles 
move  about  in  the  cytoplasm  when  the  nerve  cell  is  put  under  pressure, 
which  would  be  impossible  if  they  were  part  of  lymph  spaces  that  had 
grown  in  from  the  surrounding  neuroglia  tissue.  We  are  inclined  to 
believe  that  many  of  the  results  reported  by  Rhode,  Holmgren, 
Montgomery,  and  othcrs  belong  to  our  classification  of  vacuoles, 
although  they  hâve  given  to  them  a  number  of  distinct  terms.  In  ail 
of  the  animais  studied  the  vacuoles  contain  either  a  colorless,  trans- 
parent liquid  or  solid  bodies  of  varions  sizes.  The  bodies  are  of  dif- 
férent appearance  in  the  several  animais  studied  and  named,  and  hâve 
somewhat  différent  distribution,  those  occurring  in  Limax  being 
always  found  within  the  limits  of  the  vacuoles,  while  in  some  of  the 
others  thèse  bodies  were  not  enclosed  in  a  definite  vacuole.  The 
number  of  thèse  bodies  varies  from  time  to  time,  seeming  to  dépend 
upon  the  physiological  state  of  the  animal.  From  numerous  physio- 
logical  experiments,  such  as  the  effects  of  starvation  and  feeding, 
and  fatigue,  we  are  inclined  to  believe  that  thèse  bodies  serve  an 
immédiate  function  in  the  economy  of  the  invertebrate  nerve  cells. 
Morphologically  and  chemically,  they  do  not  correspond  to  the  well- 
known  Nissl  bodies  of  vertebrates,  but  we  are  of  the  opinion  that 
they  do  a  work  similar  for  the  invertebrate  nerve  cell. 

In  Planorbis,  the  living  nerve  cell  présents  a  larger  number  of 
bodies,  of  a  golden  brown  color.  Thèse  are  distributed  throughout 
the  cytoplasm,  and  may  be  arranged  in  the  well-known  fashion  for 
the  Nissl  bodies.  Our  attention  was  first  called  to  thèse  bodies  after 
fixing  the  nerve-ganglion  in  osmic  acid  for  eight  days.  The  nerve 
cells  when  mounted  without  further  stain  showed  a  large  number 
of  blackened  oval  bodies  in  the  cytoplasm,  and  we  felt  sure  that  thèse 
were  Nissl  bodies  and  so  described  them  in  an  earlier  report;  but 
when  the  living  nerve  cell  was  studied  thèse  bodies  were  found  to  be 
the  most  conspicuous  structure  présent  in  the  cytoplasm,  and  we  were 
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able  to  detect  numcrous  vacuoles  hero  and  thcrc  in  the  cytoplasm, 
and  thèse  vacuoles  contained  a  liquid  of  low  viscosity  and  held  hodies 
witii  a  characteristic  Brownean  movement  wliich  could  he  seen 
dancing  in  it.  Nuniei"ous  tests  were  made  to  détermine  the  chemical 
nature  of  thèse  golden  brown  bodies,  and  while  we  cannot  say  definitely 
just  what  the  substance  is,  we  are  in  a  position  to  state  to  which  gên- 
erai class  it  belongs.  It  is  even  possible  that  the  objects  are  not  of 
constant  composition.  oNIost  of  the  tests  used  required  a  long  time 
for  their  action,  and  in  some  cases  even  failed  to  act  at  ail.  The  osmic 
acid  blackened  only  suj)erficially  after  an  immersion  of  eight  days 
in  a  three  per  cent  solution,  which  would  indicate  that  the  sul)stance 
is  highly  résistent,  or  that  it  is  not  fat  but  some  substance  which  may 
break  up  into  a  fat  and  something  else.  The  test  with  sudan  III 
and  with  cyanine  indicates  the  same  thing.  In  either,  the  bodies 
swell  up  and  cling  together,  becoming  partially  dissolved  and  dif- 
fused  throughout  the  cell.  On  account  of  the  difficulty  of  making 
thèse  tests,  it  was  thought  for  the  time  that  they  might  be  proteid  in 
character,  but  ail  attempts  to  dissolve  them  witii  pepsin  hâve  so  far 
failed.  P'urther  tests  with  concentrated  sulphuric  acid  indicate  that 
the  pigment  is  one  of  the  lipochrome  group,  the  bodies  assuming 
a  bright  blue  color  as  soon  as  the  acid  touches  them. 

A  nimiber  of  observcrs  hâve  reported  in  Astacus  the  présence  of 
clearly  definite  Nissl  bodies.  Our  study  upon  the  living  nerve  cells 
of  Astacus  does  not  reveal  the  présence  of  any  such  structures,  but 
does  show  the  cytoplasm  to  be  filled  with  numerous  vacuoles  in  which 
are  found  difïerential  bodies. 

In  a  Word,  our  results  indicate  that  the  pigment  bodies  of  inver- 
tebrate  nerve  cells  hâve  been  confused  with  Nissl  bodies,  and  it  is  very 
doubtful  if  an  invertebrate  nerve  cell  shows  any  such  clearly  defined 
Nissl  bodies  as  hâve  been  reported  from  time  to  time.  The  inverte- 
brate nerve  cells  do  show,  however,  the  présence  of  a  large  number 
of  vacuoles,  the  most  of  which  contain  difïerential  bodies,  which  we 
believe  perform  a  function  similar  to  that  performed  by  the  Nissl 
body  for  the  vertebrate  nerve  cell. 


AN    EXPERIMENTAL    STUDY    ON   THE    CLEAVAGE   OF 
THE    CTENOPHORE   EGG 

N.  YATSU 

As  to  the  mechanism  of  the  cleavage  of  the  ctenophore  egg  three 
explanations  hâve  been  put  forth.  Ziegler  maintains  that  an  "action 
at  a  distance"  by  the  centers  causes  the  ring-Hke  thickening  of  ecto- 
plasm,  which  constricts  the  egg.  Rhumbler  interprets  Ziegler's 
observations  according  to  his  theory.  He  assumes  the  présence  of 
the  nuclear  fluid  along  the  axis  of  the  egg.  After  the  cleavage  furrow 
is  forraed  by  the  contraction  of  the  pole-rays,  it  deepens  at  the  expense 
of  the  nuclear  fiuid.  Moreover,  at  its  bottom  is  a  structure  com- 
parable to  the  centrosome  ("  Furchenkopf  "),  which  directs  the  growth 
of  the  membrane.  Fischel  incidentally  expresses  his  view  that  there 
may  be  pole-rays,  although  we  do  not  see  them,  and  by  the  contrac- 
tion of  those  rays  the  egg  is  eut  in  two. 

Contrary  to  the  usual  view,  the  egg  of  Beroë  ovata  is  an  extraor- 
dinary  structure,  while  its  cleavage  belongs  to  a  rather  common 
type.  Ziegler  and  Rhumbler  think  that  the  entoplasm  represents 
highly  viscous  deutoplasm.  But  as  a  matter  of  fact  this  substance 
is  absent,  as  shown  in  the  fixed  material.  The  central  mass  is  a 
watery  alveolar  substance,  which  Chun  has  correctly  called  "Zell- 
saft."  Ziegler  and  Rhumbler  maintain  that  the  cleavage  of  Beroë 
is  one-sided.  But  it  is  very  clear  that  there  is  a  végétative  furrow 
(although  shallow)  and  a  latéral  elongation  of  the  egg. 

Now  as  to  the  cleavage-head.  It  is  formed  at  first  as  a  shallow 
indentation.  As  it  grows  deeper  and  deeper,  beautiful  spinnings  of 
hyaloplasm  are  to  be  seen  along  the  walls.  The  cleavage-head  is  a 
saddle-like  thickening  of  ectoplasm,  which  shows  a  fine  alveolar 
structure.  Rays  can  be  seen  in  the  cleavage-head,  but  they  do  not 
extend  into  the  entoplasm.  Below  are  found  compressed  alveoli  of 
entoplasm.  This  shows  clearly  that  the  cleavage-head  is  the  structure 
which  is  itself  actually  pushing  downwards  instead  of  being  puUed 
by  the  contraction  of  its  rays. 

In  order  to  test  the  théories  of  the  mechanism  of  cleavage  of  the 
Beroë  egg  I  performed  several  séries  of  experiments  at  Naples,  of 
which  four  will  hère  be  mentioned. 
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ExPERiMENT  A  :  The  nucleated  portion  is  eut  off  f  rom  the  egg  at 
différent  periods  and  levels  (angles),  and  the  behavior  of  the  enu- 
cleated  fragments  is  studied. 

Resuit  1  :  Pièces  deprived 
of  the  cleavage-head 
do  not  divide. 


Resuit  2:  Pièces  with  the 
cleavage-head  divide. 
Neither  nucleus  nor 
center  is  necessary  for 
cell  constriction  after 
the  cleavage-head  is 
established.  This  ex- 
cludes  the  possibility 
that  cleavage  may  be 
due  to  the  tendency  of 
the  cytoplasm  to  as- 
sume a  spherical  form 
around  the  two  centers 
(geometrical),  because, 
if  so,  the  cleavage-head 
would  be  pushed  out 
and  the  egg  fragment 
would  résume  its  spher- 
ical form.  The  possi- 
bility that  the  cleavage 
head  is  formed  by  a 
down  flow  of  ectoplasm 
from  the  animal  pôle 
is  also  eliminated. 


J 


B 


D 


Resuit  3  :  Division  goes  on 
at  the  normal  rate  or 
a  little  slower  (15  /*  per 
minute  on  an  average). 
The  growth  of  the 
cleavage-head  is  hardly  influenced  by  the  cytoplasm  eut  off. 

Resuit  4:  The  cleavage  furrow  is  sometimes  straight.  This 
shows  that  the  amount  of  cytoplasm  on  both  sides  of  the 
cleavage  plane  has  nothing  to  do  with  the  growth  of  the 
cleavage-head. 

Resuit  5  :  The  cleavage  furrow  sometimes  doubles  on  itself  and 
returns  towards  the  animal  pôle.  This  makes  Ziegler's 
ring  theory  improbable,  because  after  the  turn  of  the 
cleavage-head   upwards   the  distance  between  it  and   the 
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surface  becomes  greater.  The  eurling-up  of  the  cleavage 
furrow  makes  the  présence  of  Rhumbler's  supposed  nuclear 
fluid  axis  impossible.  It  is  interesting  to  note  that  the  di- 
rection of  curhng  of  the  cleavage  furrow  is  independent  of 
both  the  level  and  angle  of  cutting. 

ExPERiMENT  B  :  A  portion  containing  one  of  the  nuclei  is  eut  ofï 
at  différent  periods  and  levels  (angles). 

Resuit  6  :  The  cleavage  furrow  goes  down  straight  and  cuts  the 
egg  in  two,    This  is  another  proof  of  results  2  and  4. 

ExPERiMENT  C:  The  cleavage-head  is  split  by  a  vertical  incision 
at  différent  periods. 

Resuit  7:  A  new  cleavage-head  is  formed  a  little  below  the 
original  one,  and  cleavage  proceeds  at  a  right  angle  to  the 
incision.  In  no  case  are  two  cleavage-heads  formed. 
Resuit  8  :  The  cleavage-head  is  formed  on  the  side  with  the 
larger  amount  of  ectoplasm.  This  shows  that  a  certain 
quantity  of  ectoplasm  is  important  for  the  formation  of  the 
cleavage-head. 

ExPERiMENT  D  :  An  incision  is  made  at  the  végétative  pôle. 

Resuit  9:  When  the  incision  is  médian  and  vertical,  then  two 
cleavage-heads  are  formed,  the  egg  being  constricted  into 
three  lobes.  This  shows  that  the  cytoplasm  near  the  végé- 
tative pôle  has  something  to  do  with  the  formation  of  the 
cleavage-head. 

Resuit  10:  When  the  incision  is  oblique,  the  cleavage  goes  on 
almost  unaffected.  That  the  cleavage-head  passes  close  by 
the  incision  shows  how  little  the  cytoplasm  at  the  side 
influences  the  cleavage. 

Conclusion:  The  above  experiments  show  that  Ziegler's  explana- 
tion  is  more  satisfactory  than  Rhumbler's;  yet  it  is  not  altogether 
correct,  for  the  reason  that  both  results  5  and  7  make  the  présence 
of  an  elastic  ring  improbable.  Rhumbler's  interprétation  is  also 
untenable.  There  is  no  membrane  (pellicle)  along  the  wall  of  the 
cleavage  furrow.  There  is  no  visible  axial  differentiation  in  the 
entoplasm.  Moreover,  results  5,  7,  and  9  disprove  its  présence.  The 
cleavage-head  does  not  exert  a  pull,  but  it  is  a  structure  of  push,  as 
shown  by  the  absence  of  rays  in  the  entoplasm  and  by  the  compressed 
entoplasm  alveoli  at  its  tip.  The  only  plausible  explanation  is  this. 
The  egg  of  Beroë  is  eut  by  the  contraction  of  the  saddle-like  (in  later 
stages  ring-shaped)  accumulation  of  ectoplasm  (the  cleavage-head 
in  optical  section)  uninfluenced  by  other  structures,  such  as  nuclei, 
centers,  and  amount  of  cytoplasm.  Resuit  5  is  obtained  because  the 
accumulation  is  shifted  to  one  side  by  some  unknown  cause.    Resuit 
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8  is  produced  also  by  unequal  distribution  of  the  accumulation.  Re- 
suit 9  is  due  to  the  splitting  of  the  lower  end  of  thi.s  accumukition  by 
the  végétative  incision.  How  this  saddle-Hke  accumulation  of  ecto- 
plasm  is  formed  is  still  uncertain.  It  may,  however,  be  in  some  way 
related  to  the  gênerai  migration  of  ecto'plasm  during  the  cleavage 
stages. 


PHOTOGRAPHIC  ILLUSTRATIONS  OF  THE  MORPHO- 
LOGICAL  AND  PHYSIOLOGICAL  INDIVIDUALITY  OF 
THE  CHROMOSOMES  IN  HEMIPTERA,  WITH  AN 
ACCOUNT  OF  OBSERVATIONS  ON  THE  CHROMO- 
SOMES  IN   THE   LIVING   CELLS 

EDMUND  B.  WILSON 

This  communication  consistée!  of  a  démonstration  of  about 
eighty  lantern-slides  prepared  from  photographs  of  the  chromosomes 
of  the  Hemiptera  heteroptera,  taken  by  the  author.  The  facts  illus- 
trated  were  as  foUows  : 

(1)  The  size-differences  of  the  chromosomes,  and  the  fact  that 
in  the  somatic  groiips  the  chromosomes  may  be  arranged  in  pairs 
according  to  their  size  [shown  in  the  spermatogonia  and  ovarian 
cells  of  Protenor,  Anasa,  Largus,  PachyKs,  and  Euschistus]. 

(2)  The  sexual  différences  of  the  chromosome-groups.  In  those 
Hemiptera  that  possess  an  odd  or  "accessory"  chromosome  the 
female  groups  hâve  one  more  chromosome  than  the  maie,  the  addi- 
tional  chromosome  being  of  the  same  size  as  the  odd  chromosome  of 
the  maie  [shown  in  Protenor  (^13,  9  14),  Anasa  (^21,  9  22), 
and  Larr/us  cinctus  (ê  11,  9  12)],  In  those  Hemiptera  that  possess 
a  pair  of  idiochromosomes  in  place  of  a  single  odd  chromosome  the 
number  is  the  same  in  both  sexes,  but  only  the  maie  contains  the  small 
idiochromosomes  [shown  in  Euschistus]. 

(3)  The  odd  chromosome  varies  greatly  in  size  in  différent 
gênera.  In  Protenor,  it  is  the  largest  of  the  group;  in  Anasa,  one  of 
the  largest  three;  in  Alydus,  the  second  smallest.  In  the  growth- 
period  it  remains  in  a  compact  form,  constituting  a  chromosome- 
nucleolus  of  corresponding  size  [shown  in  thèse  three  forms]. 

(4)  The  odd  chromosome  in  Hemiptera  divides  equally  in  one 
of  the  spermatocyte-di visions  but  passes  undivided  to  one  pôle  in  the 
other  (usually  the  first,  but  in  Archimerus  and  Pachylis  the  second). 
Half  the  spermatid-nuclei  therefore  receive  one  more  chromosome 
than  the  other  half  [shown  in  Protenor,  Anasa,  Alydus,  and  Ar- 
chimerus]. In  Alydus  and  Protenor  both  daughter-groups  from  the 
same  spindle  in  late  anaphase  were  shown  in  polar  view,  demonstrat- 
ing  six  chromosomes  at  one  pôle  and  seven  at  the  other. 

(5)  The  idiochromosomes  remain  in  a  condensed  form  during 
the  growth-period,  in  some  species  having  the  form  of  compact 
chromosome-nucleoli,  in  others  that  of  longitudinally  divided  rods. 
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in  addition  to  a  plasmosonie  [shown  in  Li/gaciis-  bicnicis].  Thcy 
dividc  as  separate  univalents  in  the  first  sperniatocyte-division  [shown 
in  Lygaeus,  Euschistus,  and  Coenus],  conjugate  at  tho  end  of  tliis 
division  to  forni  an  asynnnetrical  bivalent  [shown  in  Kuschistus, 
Coenus,  Lygaeus],  whieii  séparâtes  into  its  two  eoni])onenls,  the  large 
idioehroniosonie  passing  to  one  pôle,  the  small  one  to  the  otiier  [shown 
in  side-view  in  Lygaeus,  in  polar  views  ol"  the  anapliase  daughter- 
groups  from  the  sanie  spindle  in  Euschistus  and  Coenus]. 

(6)  The  ''  m-chroTiio-soiiicf,'"  near\y  iûways  hn-m  the  sniallest  pair. 
In  Protenor  or  Leptoglossus  they  are  hardly  snialler  than  tiie  others; 
but  from  this  condition  a  graduated  séries  of  successively  sinaller 
forms  may  be  traced,  through  Anasa,  Euthoctha,  I\Ietaj«)dius,  Aly- 
dus,  and  Archimerus,  down  to  Pachylis,  wherc  they  are  extraordi- 
narily  minute  and  no  larg(n'  than  centrioles  [this  entire  séries 
shown].  In  ail  the  fornis  the  tu-chromosomes  show  the  same  be- 
liavior  whcther  larçje  or  .wuill,  remaining  separate  as  a  rule  during 
the  growth-period,  and  only  conjugating  to  form  a  bivalent  in  the 
prophases  of  the  first  division  [shown  in  Leptoglossus,  Anasa,  Aly- 
dus,  and  Pachylis].  In  some  forms  they  assume  a  compact  nucleolus- 
like  form  at  a  much  earlier  period  than  the  other  chromosomes 
[shown  in  Alydus]. 

(7)  In  two  gênera,  Banasa  and  Metapodius,  supernumerary 
chromosomes  may  be  présent  in  certain  individuals,  tliough  absent 
in  other  individuals  of  the  same  species.  In  jMetaj^odius  from  one 
to  five  such  chromosomes  may  be  found,  the  number  pi-esent  l)eing 
constant  in  a  given  individual.  They  show  spécifie  peculiarities  of 
size  and  behavior,  as  described  in  a  separate  communication.  The 
évidence  indicates  that  thèse  chromosomes  are  supernumerary  small 
idiochromosomes,  prol)ably  in  process  of  degeneration,  and  that  their 
présence  is  due  to  the  occasional  failure  of  the  idiochromosoiue-dyad 
to  divide  in  a  preceding  génération  [illustrated  by  views  of  Banasa 
and  Metapodius]. 

INIany  of  thèse  phenomena  may  be  clearly  seen  under  the  oil  im- 
mersion objective  in  the  living  cells,  or  at  least  in  cells  of  the  testis 
teased  apart  without  other  treatment  in  a  normal  fluid  in  which  the 
spermatozoa  continue  to  swim  actively.  In  Anasa  especially  may  be 
clearly  seen  (1)  the  mmiber,  grouping,  and  size-relations  of  the  chro- 
mosomes in  botl^  matm-ation-divisions;  (2)  ail  stages  of  the  passage 
to  one  pôle  in  the  second  division  of  the  undivided  odd  chromosome 
and  the  constriction  of  the  cytoplasm  behind  it  (demonstrating  its 
failure  to  divide  at  any  period).  In  the  early  growth-period  the  con- 
traction figure  of  the  synaptic-period  (synizesis)  is  clearly  visible, 
proying  that  it  is  not  an  artifact.  In  the  early  prophases  the  charac- 
teristic  double  crosses  and  other  prophase  figures  are  clearly  visible 
in  the  fresh  cells  of  Alydus;   and  in  earlier  stages  of  the  same  form 
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both  the  odd  chromosome  (chromosome-nucleolus)  and  the  plasmo- 
some  raay  be  seen,  at  first  in  juxtaposition,  later  separate.  The 
spindle-fibres  are  clearly  visible  as  very  definite  tracts.  In  the  sperma- 
togonia  of  Anasa  the  centrosome  is  visible  as  a  minute  granule  at  the 
tip  of  the  spindle,  surrounded  by  a  minute  aster.  A  single  fibre  ex- 
tends  from  its  neighborhood  to  each  chromosome.  The  spindle- 
fibres  often  appear  as  if  composed  of  rows  of  small  granules.  In  the 
telophases  of  the  second  division  the  mid-body  is  visible  as  a  séries 
of  réfringent  granules  across  the  equator  of  the  spindle.  Ail  the 
structures,  as  seen  in  the  fresh  cells,  agrée  very  closely  with  the  pic- 
tures  given  by  the  best  sections  (strong  Fleming's  fluid,  Bouin's  fluid), 
and  prove  that  the  form,  grouping,  and  size-relations  of  the  chro- 
mosomes are  not  materially  altered  by  the  technique  of  fixation  and 
sectioning. 

Comparison  and  analysis  of  the  facts  leave  no  doubt  that  constant 
différences  of  behavior,  as  well  as  of  size,  exist  among  the  individual 
chromosomes  of  the  group.  They  lend  strong  support  to  the  view 
that  the  chromosomes,  individually  considered,  are  genetically  identi- 
cal  in  successive  cell-generations.  To  this  extent  they  support  the 
gênerai  theory  of  the  "individuality"  of  the  chromosomes,  though 
this  name  is  probably  less  appropriate  than  the  term  "gène tic  iden- 
tity"  or  "genetic  continuity." 


I 


THE    CHR0M0S0:MES    OF    a  NASA    TRISTIS   AND 
ANAX   JUNIUS 

GEORGE  LEFEVRE  AND  CAROLINE  McGILL 

Anasa  tristis.  —  The  material  for  the  study  of  the  chromosoincs 
in  the  spermatogenesis  of  Anasa  trisiis  was  obtained  at  Cohiinhia, 
]\Io.,  and  was  examined  by  nieans  of  sections.  A  carefui  investiga- 
tion has  completeiy  confirmed  Wiison's  results  respecting  the  numher 
of  spermatogonial  chromosomes  in  this  insect  and  the  présence  of 
an  accessory  or  heterotropic  chromosome,  as  well  as  the  asymmetrical 
(hstribution  of  this  chromosome  at  the  second  maturation  division. 
The  observations  hère  presented  are,  on  the  other  hand,  at  absohite 
variance  in  ail  important  points  with  the  recently  published  inves- 
tigation of  ^Nliss  Foot  and  Miss  Strobell  ^  who  hâve  studied  aiid  photo= 
graphed  smear-preparations  of  the  testis  of  Anasa  tristis. 

Whenever  an  accurate  count  of  the  spermatogonial  chromosomes 
can  l)e  made  at  full  metaphase,  the  number  has  been  found  to  be  21, 
as  discovered  by  Wilson,  and  not  22,  as  originally  determined  by 
Paulmier  and  recently  confirmed  by  Foot  and  Strobell.  No  excep- 
tion to  this  resuit  has  been  encountered,  although  the  count  has  been 
made  with  certainty  in  scores  of  cells,  and  not  a  single  case  showing 
22  chromosomes  has  ever  been  observed.  Many  of  the  spermato- 
gonial groups  hâve  been  drawn  under  high  power,  and  in  every  instance 
both  the  number  and  form  of  the  chromosomes  are  seen  with  dia- 
grammatic  distinctness,  conforming  in  ail  respects  with  the  groups 
as  figured  by  Wilson. 

Our  sections,  furthermore,  lend  strong  support  to  Wiison's  view 
that  the  nucleus-like  body  of  the  growth  period  is  the  persistent 
odd  chromosome  of  the  spermatogonia,  and  not  merely  a  chromatin 
nucleolus,  as  maintained  by  Foot  and  Strobell.  They  also  furnish 
the  most  indisputable  évidence  of  the  asymmetrical  distribution 
of  the  heterotropic  chromosome  at  the  second  division.  There  is  not 
the  faintest  indication  that  it  is  merely  a  "lagging  chromosome" 
which  divides  at  a  late  period  of  the  anaphase,  as  is  believed  to  be 
the  case  by  the  latter  observers,  but,  on  the  contrary,  every  stage  in 
its  passage  without  division  to  one  pôle  of  the  sj)indle  can  be  followed. 
If  any  doubt  as  to  this  fact  should  remain  from  an  examination  of 
side  views,  it  is  at  once  removed  by  seeing  sections  of  the  daughter 

'  Amer.  Journ.  of  Anatomij,  7,  No.  2,  1907. 
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plates  of  the  sarae  spindle  which  show  ten  chromosomes  in  one  and 
eleven  in  the  other,  as  figured  by  Wilson. 

The  évidence  presented  by  a  study  of  the  chromosomes  of  Anasa 
tristis,  obtained  in  a  locahty  widely  separated  from  the  places  where 
other  observers  who  hâve  examined  this  form  hâve  secnred  their 
material,  would  seem  to  indicate  that  Wilson's  description,  espe- 
cially  with  regard  to  the  behavior  of  the  heterotropic  chromosome, 
holds  good  throughoiit  the  species. 

In  view  of  the  important  bearing  which  thèse  facts  hâve  upon 
the  chromosome-theory  of  sex-determi nation,  it  lias  seemed  advis- 
able  to  add  a  confirmatory  note  to  the  already  clear  and  convincing 
observations  of  Wilson  on  this  and  other  hemipterans. 

Anax  junius. — The  spermatogenesis  of  this  dragon-fly  was 
fîrst  described  in  1904  by  Miss  McGill,^  who  found  a  close  similarity 
to  Paulmier's  account  of  Anasa  tristis.  Like  him,  she  described 
an  even  number  of  spermatogonial  chromosomes,  in  this  case  28, 
and  followed  him  in  identifying  the  accessory  chromosome  of  the 
maturation  divisions  with  the  two  small  chromosomes  of  the  sperma- 
togonia  which  were  supposed  to  hâve  united  to  form  a  bivalent  at 
synapsis.  The  accessory  chromosome  was  correctly  observed  to 
divide  at  the  first  maturation  mitosis  and  to  pass  undivided  to  one 
pôle  at  the  second,  as  J'aulmier  had  described  for  the  squàsh-lnig. 

A  récent  study,  Irowever,  of  the  testis  of  Anax  lias  brought  to 
light  the  fact  that  the  same  error  was  made  as  in  the  case  of  Anasa, 
since  it  lias  been  determined  beyond  any  doubt  that  the  number  of 
spermatogonial  chromosomes  is  27  and  not  28.  It  is,  furthermore, 
clear  that  the  small  or  7??-chromosonies  of  the  spermatogonium 
divide  at  both  maturation  mitoses,  and  lience  cannot  l)e  identified 
with  the  accessory  which  is  one  of  the  larger  chromosomes,  thougli 
not  the  largest  of  the  spermatogonial  group.  Miss  INIcGill  was  also 
unable  to  find  évidence  in  the  material  which  she  examined  of  a 
condensed  chromosome-like  body  persisting  throughout  the  growth- 
period,  but  in  our  more  récent  study  this  has  been  clearly  demon- 
strated  at  every  stage  of  the  resting  spermatocyte  until  it  passes  on 
the  spindle  of  the  first  maturation  mitosis.  Judging  from  its  size- 
relations  and  other  considérations,  it  is  unquestionably  the  odd  or 
heterotropic  chromosome. 

Oiu"  reëxamination  of  Anax,  therefore,  brings  this  dragon-fly  into 
complète  accord  with  those  insects,  like  Anasa  and  Protenor,  in  which 
an  odd  number  of  chromosomes  is  found  in  the  spermatogonia  and 
an  asymmetrical  distribution  of  the  heterotropic  chromosome  takes 
place  at  one  of  the  maturation  divisions,  resulting  in  a  dimorphism  of 
the  spermatids.  Thèse  observations  consequently  lend  additional 
support  to  Wilson's  interprétation  of  the  relation  of  the  chromosomes 
tj  sex-production. 

1  Univ.  of  Missouri  Studies,  2,  No.  4,  1904. 
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The  Spermatogonial  Group  ov  Chromosomes.  —  As  alrcady 
stated,  the  number  of  chromosomes  is  27.  This  lias  hreii  (Ictcriniiicd 
with  perfect  clearness  in  a  very  larg'e  nuinher  of  cases  aiid  without 
exception  lias  been  found  to  hold  true.  Wlienever  the  (Hpiatopial 
plate  is  eut  transversely  at  full  metaphase,  the  chromosomes  are 
seen  lying  well  apart  and  sharply  defined,  whil(>  tli(>  eoiinlino'  of  tlieir 
number  is  a  matter  of  the  greatest  ease.  In  projxM-ly  stained  sections 
an  unlimited  number  of  cells  hâve  l)een  found  which  show  27  dis- 
tinct chromosomes,  never  more. 

The  size  différences  in  the  chromosomes  are  well  marked,  although 
not  so  strikingly  as  in  many  of  the  heraiptera.  Between  the  m- 
chromosomes,  which  are  the  smallest  pair,  and  th(^  largest  pair  or 
macro-chromosomes,  which  are  usually  (piite  perceptibly  larg(M- 
than  any  of  the  others,  the  remaining  chromosomes,  except  tlie  odd 
one,  may  be  arranged  in  pairs  of  intermediate  sizes. 

After  pairing  off  ail  the  others,  one  will  be  left  without  a  mate, 
and  this  will  be  found  among  those  of  the  second  largest  size. 

The  Female  Somatic  Chromosomes.  —  An  attempt  has  l)een 
made  to  détermine  the  number  of  chromosomes  in  the  female  germ- 
cells,  and  sections  of  the  ovaries  of  the  nymph  hâve  been  carefully 
examined.  x\lthouo;h  no  ooffonial  divisions  hâve  been  encountered, 
possibly  lîecause  we  hâve  not  been  able  to  obtain  ovaries  from  young 
enough  nymphs,  nevertheless  mitosis  occurs  abundantly  among  the 
follicle  cells  and  a  detailed  search  has  disclosed  several  cases  when» 
the  sections  were  favorable  for  counting  the  chromosomes.  The 
number  of  chromosomes  in  the  follicle  cells  has  been  determined  in 
several  instances,  and  wherever  an  accurate  count  has  been  possil)le, 
it  has  been  found  to  l)e  2S. 

The  Growth  Period.  —  The  growth  period  has  not  l)een  fol- 
lowed  throughout  in  ail  the  détail  that  is  désirable,  and  the  important 
question  of  the  character  of  the  synapsis  must  for  the  présent  be  left 
undecided.  Preceding  the  contraction-phase  a  stage  is  found  where 
the  chromatin  appears  in  the  form  of  fine  threads  scattered  through- 
out the  nucleus  or  more  or  less  massed  in  loose  tangles.  h-'ome  of 
thèse  strands  are  V-  or  Y-shaped,  or  are  seen  lying  in  sépara  te  pairs 
or  as  irregular  crosses.  The  appearance  might  readily  be  interpreted 
as  the  resuit  of  a  longitudinal  conjugation  of  univalent  chromosomes 
which  are  now  opening  ont  to  form  elongated  loops  or  ril)l)ons,  but 
at  présent  the  évidence  is  insufficient  for  a  definite  conclusion. 

The  odd  chromosome,  as  a  dense  nucleolus-like  Iwdy,  is  quite 
conspicuous  at  this  stage,  staining  deeply  in  both  haematoxylin  and 
safranin,  and  is  frequently  found  to  be  constricted  into  a  dumb-l:)ell 
shape. 

This  stage  is  followed  by  the  contraction-phase,  in  which,  how- 
ever,  the  chromatin  never  becomes  condensed  into  a  compact  mass. 
The  threads  now  appear  much  thicker  and  longer  than  at  an  earlier 
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period  and  are  usually  arranged  in  long,  loose  loops  the  ends  of  which 
are  more  or  less  directed  toward  one  pôle  of  the  nucleus,  constituting 
the  so-called  "bouquet-stage."  Curiously  enough,  the  longest  and 
thickest  ribbon,  which  is  the  one  that  will  give  rise  to  the  largest 
tetrad  later  on,  frequently  lies  outside  the  "bouquet"  and  is  seen 
stretching  half  way  around  the  nucleus  close  against  the  membrane. 
This  elongated  chromosome  is  often  seen  interrupted  at  its  middle 
point,  as  are,  in  fact,  some  of  the  looped  threads,  which  consequently 
exhibit  a  bivalent  nature.  The  break,  moreover,  is  found  to  persist 
from  now  on  to  the  time  when  the  final  condensation  of  the  chromo- 
somes takes  place  in  the  formation  of  the  crosses. 

During  the  bouquet-stage,  the  chromosome-nucleolus,  which  we 
may  speak  of  as  the  heterotropic  chromosome,  as  it  directly  passes 
into  this  body  without  ever  assuming  a  thread-like  form,  is  always 
présent  and  is  frequently  constricted  in  the  middle  or  even  com- 
pletely  divided  into  halves. 

It  is  not  until  after  the  bouquet-stage  is  passed  and  the  chromo- 
somes, in  the  form  of  bivalent  threads  of  varying  length,  hâve  scat- 
tered  through  the  nucleus,  that  the  longitudinal  split  becomes  visible, 
while  the  interruption  at  the  middle  of  each  thread  becomes  very 
conspicuous. 

Late  in  the  growth  period  and  preparatory  to  the  first  maturation 
division,  the  longitudinally  split  threads  showing  their  quadripartite 
character  begin  the  process  of  condensation.  The  longitudinal  halves 
fuse  completely  and  become  much  shorter  and  thicker,  although  the 
transverse  interruption  is  still  présent  as  a  clearly  marked  constric- 
tion  at  the  middle  point  of  the  chromosomes. 

The  thick  bivalent  rods  next  undergo  a  still  further  condensation 
and  are  converted  into  crosses  by  outgrowth  of  transverse  arms  at 
the  end  of  the  constriction.  Thèse  arms,  however,  do  not  extend  so 
far  as  to  confuse  the  original  longitudinal  axis,  a  condition  which  is 
especially  conspicuous  in  the  largest  cross  where  the  transverse  and 
longitudinal  arms  remain  quite  unequal,  although  it  is  more  or  less 
pronounced  in  ail.  As  this  inequality  in  the  length  of  the  arms  is 
retained  until  the  crosses  are  taken  up  on  the  spindles,  an  identifica- 
tion of  the  long  axis  of  the  cross  with  that  of  the  threads  of  the  growth 
period  is  made  certain,  and,  furthermore,  it  is  évident  that  the  crosses 
are  placed  lengthwise  upon  the  spindle. 

The  number  of  chromosomes  is  now  easily  observed,  fourteen  in 
ail,  thirteen  of  which  are  in  the  form  of  crosses,  while  one,  the  hetero- 
tropic, is  a  simple,  condensed,  bipartite  body.  As  the  crosses  condense, 
their  centers,  just  l^efore  the  disappearance  of  the  nuclear  membrane, 
become  lighter  and  soon  take  the  stain  only  faintly,  while  by  the  time 
the  spindle  is  visible  they  hâve  become  completely  hollowed  out. 

The  First  Maturation  Division.  —  After  being  taken  up  on 
the  spindle  the  open  tetrads  rapidly  undergo  a  condensation,  and 
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ail  traces  of  the  space  between  the  arnis  disappcar.  Later  a  séparation 
of  the  éléments  of  the  tetrads  begins.  The  breaking  apart  ol"  the 
eoniponent  parts  ol"  the  tetrad  proceeds  rapidly  witii  eoniniencement 
of  the  anaphas(s  nntil  ail  fonr  éléments  are  entirely  distinct  from 
each  other  as  the  opposite  pairs  advance  toward  the  pol(>s  of  the 
spindle. 

The  divergence  of  the  chromosomes  occnrs  at  unecpial  rates, 
those  on  the  peripherv  lagging  behind,  those  in  the  center  taking  the 
lead,  while  the  heterotropic  lags  most  of  ail  and  in  late  anaj)hases, 
when  the  others  are  gronjX'd  abont  the  pôles  in  a  dome-shap(Ml  mass, 
the  halves  of  the  heterotropic  ma  y  usnally  be  seen  some  distance 
behind  in  the  process. 

As  the  chromosomes  reach  the  pôles,  they  become  closely  crowded 
together  and  partially  l)reak  np  into  a  reticulnm,  althongh  to  a  cer- 
tain extent  their  identity  is  still  retained  in  the  nodes  of  the  network. 
The  centrosomes  fade  ont  and  a  new  nnclear  membrane  forms,  l)nt 
only  to  disappear  shortly  afterwards  in  préparation  for  the  second 
division.  In  fact,  there  are  indications  that  in  some  cases  at  ail 
events  this  intervening  resting  stage  between  the  two  divisions  is 
practically  omitted. 

The  Second  Maturation  Division.  —  As  soon  as  the  nnclear 
membrane  fades  away  the  chromosomes  reappear  as  dumb-ljcll  shaped 
bodies,  and  as  the  new  spindle  forms  they  take  up  their  position  in 
the  equatorial  plate  with  the  constriction  at  right  angles  to  the  long 
axis  of  the  spindle.  There  are  thirteen  of  thèse  dyads  and  one  single 
chromosome,  the  heterotropic.  Even  before  the  other  chromosomes 
pass  definitely  into  the  equatorial  plate,  the  heterotropic  without 
undergoing  division  begins  to  move  in  advance  toward  one  of  the 
pôles,  and  it  lias  nearly  completed  its  journey  before  the  divergence 
of  the  other  chromosomes  is  commenced.  As  in  Aitasa  tristis,  polar 
views  at  the  anaphase  of  this  division  clearly  demonstrate  the  dimorph- 
ism  of  the  daughter  groups,  since  thirteen  single  chromosomes  appear 
in  one  and  fourteen  in  the  other,  the  former  being  the  one  that  lacks 
the  heteromorphic.  This  inequality  in  the  number  of  chromosomes 
composing  the  daughter  plates  has  been  determined  in  several  well 
marked  cases  when  the  groups  hâve  been  observed  in  polar  view  at 
différent  focuses  on  one  and  the  same  spindle. 

SuMMARY.  —  As  a  resuit  of  our  reinvestigation  of  the  spermato- 
genesis  of  Anax  jiinius,  it  has  been  estal)lished  beyond  doubt  that 
this  dragon-fly,  in  the  behavior  of  the  chromosomes  of  the  maie  germ- 
cells,  closely  parallels  the  conditions  which  hâve  been  observed  in 
some  of  the  hemiptera  and  other  higher  groups  of  insects.  In  the 
differentiation  of  its  chromosomes  as  micro-chromosomes,  macro- 
chromosomes,  and  chromosomes  of  intermediate  sizes;  in  the  occur- 
rence of  an  odd  number  of  chromosomes  (27)  in  the  maie  groups  and 
of  this  number  plus  one  (28)  in  the  female  groups  ;  in  the  présence  of 
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an  accessory  or  heterotropic  chromosome  which  persists  as  a  con- 
densed  body  throughout  the  growth  period  and  passes  undivided 
at  the  second  maturation  division  into  one  of  the  spermatids,  a  strict 
parallelism  may  be  recognized  between  Anax  and  those  other  insects, 
of  which  Anasa  tristis  may  be  taken  as  a  type,  which  possess  a  hetero- 
tropic chromosome.  In  at  least  one  of  the  Odonata,  therefore,  a 
dimorphism  of  the  spermatozoa  occnrs,  and  the  theory  of  the  déter- 
mination of  sex  by  difïerentiated  sex-chromosomes  receives  additional 
support  from  this  group  of  insects. 


VARIOUS    TYPES   OF   HETEIK^CIIROMOSOMES   IN  THE 

COLEOFTERA 

N.    M.   STEVENS 

The  hétérochromosomes  of  the  Coleoptera  are  somewhat  less 
pecuHar  aiid  varietl  iii  their  behavior  than  those  of  the  Ilcniipicrn 
heteropicm.  The  species  which  hâve  been  studied,  53  in  number, 
may  be  (Hvick>d  into  two  gênerai  classes,  —  those  with  an  unequal 
pair  of  hétérochromosomes  in  the  maie  germ  cells  (42),  and  those 
with  an  odd  chromosome  (11),  seventy-eight  per  cent  of  the  former 
to  twenty-two  per  cent  of  the  latter. 

Tencbrio  molifor  was  the  first  species  in  which  the  hétérochro- 
mosomes of  the  Coleoptera  were  studied.  This  is  exceptionally  fa- 
vorable material,  as  al!  stages  in  the  development  of  the  insect  are 
easily  secured,  and  there  is  no  difficulty  in  determining  the  numl)er 
of  chromosomes  in  both  maie  and  female  germ  cells  and  somatic 
cells.  Twenty  chromosomes  occur  in  somatic  cells  of  both  sexes: 
in  the  maie  one  of  thèse  is  small,  while  its  homologue  in  the  female 
is  as  large  as  the  other  chromosomes.  The  number  and  character 
of  the  chromosomes  in  the  spermatogonia  and  oogonia  is  the  same 
as  that  in  the  somatic  cells  of  the  two  sexes  (Chart  I,  fîgs.  1  and  2).* 

In  the  growth  stages  of  the  spermatocytes  of  Tenebrio  the  hétéro- 
chromosomes cannot  be  distinguished  from  the  other  chromosomes. 
In  this  respect  Tenebrio  is  exceptional.  As  a  ruîe  the  unequal  pair 
of  chromosomes  is  clearly  defîned  in  the  spireme  stage,  as  seen  in 
Odontota  dorsalis.  In  the  first  spermatocyte  mitosis  the  unequal 
pair  is  conspicuous,  and  the  séparation  of  its  cléments  in  metakinesis 
is  easily  followed.  In  the  second  spermatocytes  ail  of  the  chromosomes 
divide,  giving  two  equal  classes  of  spermatids.  It  is  perfectly  évident 
that  a  maie  individual  with  twenty  chromosomes,  one  of  which  is 
much  smaller  than  the  others,  can  be  produced  in  only  one  way  ;  i.  e., 
by  the  union  of  a  spermatozoôn  containing  the  small  hétérochromo- 
some with  an  egg  cell,  while  fertilization  by  a  spermatozoôn  containing 
the  larger  hétérochromosome  must  give  a  female  individual.  This 
évident  relation  between  the  distribution  of  the  hétérochromosomes 
and  the  détermination  of  sex  lias  made  it  seem  worth  while  to  ex- 

*  This  paper  was  illustrated  with  charts  which  could  not  be  reproduced.  For 
fuller  description  and  figures,  see  Carnegie  Pub.  36,  Parts  I  and  II  ;  also  "  Further 
Studies  on  the  Chromosomes  ôf  the  Coleoptera,"  Journ.  Exp.  Zoôl.,  6,  No.  1,  Jan. 
1909 ;  and  "The  Chromosomes  in  Diabrotica  vùtata,  Diabrotica soror  and  Diabrotica 
12-Yunctata,"  ibid,  5,  No.  4,  June  1908. 
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aminé  the  character  of  the  hétérochromosomes  in  as  many  of  the 
Coleoptera  as  possible. 

The  second  and  smaller  class  may  be  divided  into  two  divisions, 
and  thèse  subtypes  illustrated  by  Limoueus  griseus  and  Photinns 
peiinsylvanicus. 

In  Limoneus  the  odd  chromosome  is  the  largest  of  17  in  the  sper- 
matogonium,  is  conspicuous  in  the  growth  stage,  and  is  evidently 
univalent  in  the  metaphase  of  the  first  spermatocyte  ;  it  remains 
undivided  in  this  mitosis,  and  divides  in  the  second  spermatocyte 
division,  giving  two  classes  of  spermatids. 

In  Photinus  both  spermatogonium  and  oôgonium  are  shown. 
Hère  the  odd  chromosome  is  the  smallest  of  19  in  the  spermatogonium, 
and  in  the  oôgonium  there  are  two  of  corresponding  size.  In  the 
growth  stage  the  odd  chromosome  and  one  pair  of  chromosomes 
remain  condensed  and  distinct  from  the  spireme.  In  the  first  sperma- 
tocyte mitosis  the  odd  chromosome  divides  quantitatively  w^hile 
the  bivalents  separate  into  their  univalent  éléments.  Figure  20*  shows 
a  polar  view  of  the  chromosomes  in  metakinesis,  and  figure  21*  an 
anaphase.  The  position  of  the  odd  chromosome  in  the  second  division 
is  always  eccentric,  and  the  chromosomes  in  the  spermatid  when 
first  formed  may  often  be  counted,  proving  the  dimorphic  character 
of  the  sperrnatozoa.  The  relation  of  the  dimorphism  of  the  maie 
germ  cells  to  sex  détermination  is  as  évident  hère  as  in  the  case  of 
Tenebrio.  Fertilization  by  a  spermatozoôn  containing  the  odd 
hétérochromosome  must  give  a  female,  and  fertilization  by  a  sper- 
matozoôn lacking  this  hétérochromosome  must  give  a  maie  indi- 
vidual.  The  second  variety  of  division  2  lias  been  found  in  only  two 
species,  both  belonging  to  the  genus  Photinus. 

The  diabroticas  présent  a  problem  quite  différent  from  that  of 
the  odd  or  the  unequal  hétérochromosomes.  In  Diahrotica  vittata 
the  conditions  are  the  same  as  in  Limoneus.  In  Diahrotica  12- 
punctata  and  Diahrotica  soror  about  fifty  per  cent  of  the  maie  individ- 
uals  in  random  collections  hâve  simply  an  odd  hétérochromosome 
which  behaves  as  in  Limoneus.  The  remaining  fifty  per  cent  hâve, 
in  addition  to  the  odd  chromosome,  one,  two,  three  or  four  small 
chromosomes  which  behave  very  peculiarly,  and  apparently  bear 
no  relation  to  sex-difîerentiation.  \Miere  one  of  thèse  small  chro- 
mosomes is  présent,  it  may  be  found  in  any  position  with  référence 
to  the  odd  chromosome,  the  equatorial  plate  or  the  pôles  of  the 
spindle;  and  it  may  go  to  either  pôle  undivided,  or  may  divide  in 
the  anaphase.  The  second  spermatocytes  may  therefore  be  of  six 
classes.  Ail  the  évidence  so  far  obtained  goes  to  show  that  thèse  small 
chromosomes  may  divide  in  either  maturation  division,  but  not  in 
both.    In  the  growth  stage  the  odd  chromosome  and  the  one  or  more 

*  See  note  on  previous  page. 
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small  chromosomes  are  usually  closely  associated,  but  the  small 
ones  are  occasionally  scattered  abolit  the  nucleus. 

Ont  of  100  individuals  of  Diabrotica  soror  collected  at  random, 
48  had  the  odd  chromosome  only;  33,  one  small  one;  15,  two  small 
ones;  3,  three  small  ones;  and  1,  four  small  ones. 

In  the  material  from  November  and  December  collections  it 
was  thought  that  a  definite  différence  in  size  of  the  insects  could  be 
associated  with  the  présence  or  absence  of  the  small  chromosomes, 
and  the  most  probable  explanation  of  the  observed  conditions  seemed 
to  be  that  the  material  included  two  distinct  species  and  hybrids; 
but  the  study  of  a  hundred  spécimens  of  Diabrotica  soror  collected  at 
random  in  California  from  June  23  to  August  7,  1907,  has  thrown 
considérable  doubt  on  this  conclusion.  In  the  earlier  material  the 
elytra  of  the  two  sizes  measured  4^  mm.  and  5^  mm.  respectively. 
The  later  California  material  varies  from  3  mm.  to  5|  mm.  ;  the 
mode  for  each  of  the  three  classes  (48  containing  the  odd  chromo- 
some, 33  containing  one  small  chromosome,  and  15  containing  two 
small  chromosomes)  is  4^^  mm.  ;  the  average  for  the  first  class,  4.31 
mm.  ;  for  the  second,  4.46  mm.,  and  for  the  third,  4.36  mm. 

Unless  it  should  prove  that  thèse  diabroticas  are  much  more 
variable  in  midsummer  than  in  late  autumn,  some  other  explana- 
tion than  that  of  separate  species  must  be  sought.  There  is  great 
variation  in  size  and  fusion  of  spots,  but  this  cannot  be  connected 
in  any  definite  manner  with  the  différence  in  chromosome  conditions. 
It  is  possible  that  further  study  of  Diabrotica  12-punctata  this  fall 
may  throw  some  light  on  the  problem. 


THE  CHROMOSOMES   IN  DROSOPHILA  AMPELOPHILA 

N.   M.   STEVENS 

The  chromosomes  in  Drosophila  ampelophila  hâve  proved  to 
be  much  more  puzzhng  than  those  of  any  other  forms  yet  studied 
by  the  author.  The  material,  though  easy  to  breed,  is  difficult  to 
handle  when  it  cornes  to  fixation  for  microscopical  examina tion.  In 
no  case  hâve  I  secured  really  good  fixation  of  the  chromosomes  in 
sections,  and  dividing  cells  are  so  scarce  that  much  time  has  been 
spent  in  going  over  useless  material.  Practically  ail  of  my  results 
hâve  been  obtained  from  temporary  mounts  with  Schneider's  aceto- 
carmine.  The  chromosomes  are  small,  and  the  best  possible  illu- 
mination with  the  highest  power  Zeiss  lenses  is  necessary  for  their 
examination. 

Little  can  be  made  ont  of  the  growth  stages,  either  in  sections  or 
aceto-carmine  préparations.  One  lot  of  material  fixed  in  Camoy's 
fluid  gave  such  figures  as  21,  Chart  II,*  when  stained  with  thionin. 
This  is  an  early  growth  stage,  showing  a  large  plasmosome  and 
several  apparently  entire  chromosomes,  not  united  to  form  a  spireme. 
In  later  stages  the  chromosomes  do  form  a  spireme,  which  is  massed 
together  at  one  side  of  the  nucleus.  In  the  prophase  of  the  first  sper- 
matocyte  the  chromosomes  are  at  first  somewhat  diffuse  and  irregular 
in  form,  but  assume  their  characteristic  shape  and  density  before 
the  spindle  is  formed.  The  spindle  forms  within  the  nucleus,  and 
the  fibres  are  only  faintly  visible  in  particularly  favorable  prépara- 
tions. The  chromosomes  of  the  first  spermatocyte  are  shown  in  figure 
22,  Chart  II,*  three  bivalents  and  one  tri  valent,*  arranged  in  one 
plane,  instead  of  two  as  originally  drawn.  The  éléments  of  the  small 
pair  are  always  considerably  separated  even  in  a  prophase.  The  two 
other  bivalents  are  distinguishable  one  from  the  other  in  both  size 
and  form.  The  trivalent  is  composed  of  two  equal  V's  and  a  small 
elliptical  odd  chromosome,  attached  to  the  apex  of  one  of  the  V's. 
Figures  23  and  24  *  show  the  metakinesis  of  thèse  chromosomes.  At 
a  little  later  stage  the  chromosomes  are  split  and  the  resulting  V's 
séparâtes  ready  for  the  following  division,  giving  figures  similar  to 
those  for  the  second  spermatocytes.     The  spermatids  must,  as  in 

*  This  paper  was  illustrated  with  charts  which  could  not  be  reproduced.  The 
"trivalent"  referred  to  above  was  later  proved  to  be  an  unequal  bivalent.  For 
full  description  and  figures  see  "A  Study  of  the  Germ  Cells  of  Certain  Diptera, 
with  Référence  to  the  Hétérochromosomes  and  the  Phenomena  of  Synapsis,  " 
Journ.  Exp.  Zoôl.,  Vol.  V,  No.  3,  March,  1908. 
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othcr  cases  wlicro  an  odd  chroniosoino  is  prosent,  !)(>  (Iini()rj)hic,  dif- 
tVring  by  tlie  prcscMice  or  absence  of  the  odd  chroniosonie. 

So  far  everytliing  seems  reasonably  clear,  but  wlien  one  cornes  to 
study  the  sperniatoo-onia  and  oogonia  one  does  not  find  the  expected 
nunilier  of  chromosomes.  In  both  there  are  eight  chromosomes, — 
four  pairs.  The  long(>r  chromosomes  vary  somewliat  in  forin  and  size 
in  différent  cells.  'l'he  spermatogonia  stain  deeplv  and  are  diffi- 
cult  to  study,  but  I  do  not  think  tlie  odd  chromosome  conld  hâve 
escaped  détection  if  isolated.  In  the  oogonia  there  is  absohitelv  no 
chance  for  an  error  as  to  tlie  number  or  the  equahty  of  the  pairs. 
The  cells  are  very  clear  and  the  chromosomes  sharply  differentiated. 
In  several  of  the  spermatogonial  plates  one  pair  consists  of  éléments 
of  unequal  length,  but  hère  I  hâve  never  been  able  to  be  quite  sure 
that  this  différence  in  length  might  not  be  due  to  foreshortenintr. 
In  both  the  oogonia  and  the  follicle  cells  the  chromosomes  are  plainly 
paired  and  equal  in  metaphase,  and  in  prophase  the  éléments  of  each 
pair  are  twistetl  together.  Apparently  the  same  thing  is  true  in  the 
spermatogonial  prophases,  but  the  cells  are  so  dark  that  one  cannot 
be  sure  of  an  unequal  pair.  There  is  nothing  in  the  form  of  either 
spermatogonial  or  oogonial  chromosomes  to  indicate  that  they  are 
composite,  but  nevertheless  it  seems  probable  that  such  is  the  case. 
This  probaljility  is  snpported  by  the  discovery  of  hétérochromosomes 
in  two  other  Aies,  Tetaimoccra  sparsa  and  Scafophacja  pallida,  where 
an  unequal  pair  is  found  in  the  maie  and  a  corresponding  equal  pair 
in  the  female.  Figure  35*  shows  the  chromosomes  of  an  oogonium 
in  metaphase,  —  twelve  chromosomes  distinctly  paired.  Phe  unequal 
hétérochromosome  pair  of  the  spermatogonium  is  shown  in  figure  3(3.* 
In  the  original  figure  from  which  figure  35  was  copied  each  one  of 
the  twelve  chromosomes  is  split  ready  for  metakinesis.  The  sj^er- 
matocytes  contain  six  bivalents  and  the  unequal  pair  behaves  as  in 
the  Coleoptera.  The  pairing  of  the  chromosomes  in  oogonia,  sper- 
matogonia and  follicle  cells  of  thèse  flies  is  an  interesting  feature 
and  worthy  of  further  investigation. 

The  results  for  Drosophiïa  are  not  entirely  satisfactory,  but  I 
give  them  to  you  for  what  they  are  worth  with  the  intention  of  continu- 
ing  the  research. 


UBER   DAS   ERSTE   AUFTRETEN   DER   BLUT- 
ELEMENTE   IM   HÛHNEREMBRYO 

WERA  DANTSCHAKOFF 

Die  Frage  liber  die  gegenseitigen  Verhiiltnisse  der  Blutelemente 
werden  meistens  in  der  normalen  und  pathologischen  Histologie 
diskutiert.  Aber  das  Studium  der  complicierten  und  niir  schwierig 
festzustellenden  Verhiiltnisse  der  verschiedenen  morphologisch  geson- 
derten  Typen  der  Blutzellen  im  erwachsenen  Organismus  ist  nur  wenig 
geeignet  die  wichtigen  Fragen  der  embryonalen  Bluthistogenese  zu 
losen.  Hier  sind  die  Processe  der  allmahlichen  Differenzierung  der 
Zellen  in  verschiedenen  Organen  zwar  noch  vorhanden,  aber  es  ist 
nicht  immer  leicht  sie  zu  konstatieren  und  genauer  zu  untersuchen. 

Was  speciell  die  pathologische  Anatomie  anbetrifft,  so  kommt  sie 
uns  gewiss  manchmal  auch  zu  Hilfe,  wenn  wir  normale  Tatsachen 
feststellen  wollen,  —  bei  vielen  pathologischen  Processen  werden 
namUch  die  embryologischen  Processe  gewissermassen  wiederholt. 
Es  ist,  zum  Beispiel,  in  dieser  Hinsicht  eine  ganze  Reihe  von  Erkrank- 
ungen  der  hamatopoëtischen  Organe  zu  nennen,  die  auch  in  der 
letzten  Zeit  Gegenstand  zahlreicher  Untersuchungen  waren.  Aber 
die  eigentUmhchen  pathologischen  Bedingungen  sind  anderseits  gewiss 
auch  im  Stande  einen  abnormen  Einfluss  auf  die  Tatigkeit  der  blut- 
bildenden  Organe  auszuuben  und  man  kann  deswegen  die  Resultate, 
die  man  bei  solchen  Arbeiten  bekommt,  nicht  ohne  weiteres  auf 
normale  Verhaltnisse  ubertragen.  Deshalb  scheint  mir  der  Mangel 
eingehender  embryologischer  Untersuchungen  in  der  Frage  der  ersten 
Bluthistogenese  eine  nicht  unerhebliche  Liicke  zu  bilden. 

Die  zahlreichen  Arbeiten  liber  das  Blut,  die  im  letzten  Jahrzehnt 
erschienen  sind  und  die  sich  hauptsiichlich  mit  der  Tatigkeit  der 
hâmotopoëtischen  Organe  unter  normalen  und  pathologischen  Ver- 
hâltnissen  befassten,  brachten  verschiedene  Autoren  zu  verschiedenen 
Anschauungen  liber  die  genetischen  Beziehungen  der  Blutzellen  zu 
einander. 

Manche  sind  der  Ansicht,  dass  die  roten  und  weissen  Blutkorper- 
chen  zwei  in  morphologischer,  genetischer  und  physiologischer  Be- 
ziehung  vollig  gesonderte  Zelltypen  vorstellen. 

Andere  halten  dièse  zwei  im  erwachsenen  Organismus  so  ver- 
schiedene Zellarten  flir  verwandt,  dièse  Verwandschaft  wird  aber 
wieder  von  verschiedenen  Autoren  verschieden  aufgefasst. 

Die  einen  glauben,  dass  aile  Blutelemente  im  Embryo  eine  ge- 
meinsame  Stammzelle  haben,  die  sich  bei  ihrer  Entwicklung  in  zwei 
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verschiedenen  Richtungen  differenziert  und  deren  Abkommlino-e  dann 
weiter  nicht  mehr  die  Eigenscliaft  hesitzeri,  in  einaiider  iihcrziif^chcn. 

Die  anderen  wolleii  die  Vervvandschaft  der  li;iin<)(rl()l)iiihaltio-en 
und  der  hainoglobinlosen  Zellen  in  deni  Uehergang  der  letzteren  in 
die  ersten  erblicken;  die  X'orstellung  von  dem  Uelx'rgehen  der  roten 
Blutkorperchen  in  die  weissen,  die  friiher  einmal  auch  ilire  \\'rteidifer 
hatte,  ist  jetzt  aufgegeben. 

Endlich  neben  viele  Autoren,  die  ein  genetisches  Verhiiltniss 
zwischen  den  beiden  Zellarten  zugeben,  auch  im  erwachsenen  ()r- 
ganismus  die  Anwesenheit  einer  gemeinsamen  Stammzelle  an,  die 
die  Fiihigkeit  besitzen  soll,  sich  in  beiden  Richtungen  zu  entwickehi. 

So  verschiedene  Anschauungen  in  derselben  Frage  beweisen  deut- 
Hch  genug,  wie  schwierig  sie  (kirch  Untersuchungen  am  erwachsenen 
Organismus  allein  aufgeklart  werden  kann.  Wenn  sich  nun  einio-e 
Autoren  mit  den  embrvologischen  Prozessen  beschaftigt  hal)en,  so 
handelte  es  sich  bei  ihren  Untersuchungen  meistenteils  doch  tiur  um. 
spiitere  Entwickhmgsstadien,  wenn  die  gleichzeitige  Anwesenheit  ver- 
schiedener  z.  B.  schon  hoch  differenzierter  Bkitelemente  das  ^enaue 
Erkentniss  der  genetischen  Beziehungen  derselben  im  hohen  Grade 
erschwert. 

Da  sich  die  ersten  Bkitelemente  primar  ausserhalb  des  Organis- 
mus biklen  und  die  ersten  Bkitzellen  ihm  aus  dem  Dottersack  zuge- 
schwemmt  werden,  so  muss  man  naturUch  vor  allem  die  allerersten 
Stadien  der  Bkitbikkmg  im  Dottersack  untersuchen.  Einzelne 
Autoren  haben  sich  mit  dieser  Frage  auch  schon  befasst.  Der  Dotter- 
sack mit  der  Area  vasculosa  wurde  mehrmals  untersucht;  dabei 
wurde  aber  vor  allem  nicht  seine  Struktur  als  hamatopoëtisches 
Organ  beriicksichtigt,  sondern  die  Beziehungen  des  Blutes  und  der 
Gefàsse  zu  dem  Keimblattern.  Wenn  man  zur  Untersuchung  der 
genetischen  Beziehungen  der  Bkitelemente  uberging,  so  wandten  sich 
die  Autoren  gewohnlich  zum  Studium  des  zirkulierenden  Blutes  in 
mehr  oder  weniger  friihen  Stadien  der  Entwicklu ng  des  Embryo. 
Es  ist  aber  klar,  dass  die  Bkitelemente,  die  man  im  Embrvo  selbst 
in  den  Gefassen  findet,  mit  den  primitiven  Bkitzellen  durchaus  nicht 
identisch  zu  sein  brauchen,  sie  konnen  sehr  wolîl  schon  reifere  mit 
dem  Blutstrom  eingeschwemmte  Elemente  vorstellen,  wahrend  die 
primitiven  Formen  an  der  Stelle  der  ersten  Entstehung  festgehalten 
werden  ;  desshalb  darf  man  die  Schlusse,  die  man  bei  Untersuchung 
des  zirkulierenden  Blutes  gewonnen  hat,  nicht  ohne  Weiteres  auf  die 
Elemente  der  hamatopoëtischen  Organe  Ubertragen. 

Um  die  genannten  Lucken  auszufiillen,  fing  ich  meine  Unter- 
suchungen mit  dem  Studium  der  allerersten  Stadien  der  Blutentwick- 
lung  beim  Hunchen  an. 

Ich  habe  besondere  Aufmerksamkeit  der  ersten  Entwicklung 
der  Bkitelemente  in  der  Area  vasculosa  gewidmet  und  habe  dieselbe 
an  Flàchenprâparaten  der  ganzen  Keinischeibe,  so  wie  an  Schnitten 
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untersucht;  nur  die  bestandige  Vergleichung  beider  Arten  von 
Praparaten  kann  zu  einer  richtigen  Vorstellung  liber  die  gegenseitigen 
Verhaltnisse  der  Blutelemente  fiihren,  besonders  im  Sinne  ihrer  topo- 
graphischen  Beziehungen  zu  einander,  zu  den  Gefâssen  und  zu  den 
Keimblâttern. 

Ich  fixierte  meine  Objekte  mit  Zenker-Formol,  Alkohol  und 
Zenker;  gefârbt  wurde  nach  Dominici  (hauptsachlich  die  Flachen- 
prâparate  des  Dottersacks),  Eosin-  Azur  und  Giemsa.  Ich  zog  das 
Celloidin  als  Einbettungsmasse  vor,  da  mir  die  Méthode  Rubaschkin's 
die  MogUchkeit  gab,  mehrere  vollstandige  Celloidinserien  zu  bereiten, 

A.  Das  erste  Auftreten  der  Blutelemente  in  der  Area 
vasculosa  beim  Huhnerembryo.  —  Das  erste  Stadium,  welches  mir 
einige  intéressante  Beobachtungen  Heferte,  war  das  der  30-stundigen 
Bebriitung,  —  der  Embryo  besass  7  Segmente.  Zu  dieser  Zeit  ist  der 
ganze  hintere  Teil  der  Area  vasculosa  mit  Blutinseln  bedeckt,  die  bald 
netzartig  mit  einander  verbunden  sind,  bald  mehr  isoliert  liegen.  In 
den  seitlichen  Teilen  der  Area  vasculosa  sind  die  Blutinseln  weniger 
zahlreich,  im  vorderen  Teile  nur  selten  zu  beobachten.  Die  Mesoblatt- 
zellen  sind  vorne,  wo  es  keine  Blutinseln  giebt,  weniger  zahlreich  und 
bilden  hier  seit  ihrem  ersten  Auftreten  nicht  eine  ununterbrochene 
Schicht,  sondern  erscheinen  als  netzfôrmig  verbundene  Zellstrânge. 
Frei  liegende  Zellen  bekommt  man  hier  als  Regel  nicht  zu  sehen. 

Die  Blutinseln,  die  in  den  Gefâssen  der  hinteren  Partie  der  Area 
vasculosa  liegen,  sind  im  Stadium  der  45-stundigen  Bebriitung  (10 
Segmente)  noch  isoliert  und  scharf  umgrenzt.  Einige  von  ihnen 
in  der  hinteren  iiusseren  Partie  der  Area  opaca  fangen  aber  schon  an 
sich  in  einzelne  Zellen  aufzulosen.  Sehr  intéressant  ist  der  Umstand, 
dass  einzelne  kleine  und  grossere  Blutinseln  deutlich  zwischen  den 
Gefâssen  im  Mesenchym  liegen.  Sehr  vereinzelt  aber  doch  sicher 
festzustellen  sind  hier  ferner  in  diesem  Stadium  einzelne  runde  Zellen 
mit  zahlreichen  abrundeten  Protoplasmafortsâtzen.  Sie  liegen  mei- 
stens  den  Gefiisswanden  von  aussen  dicht  an. 

Einen  niiheren  Aufschluss  liber  die  weiteren  Schicksale  der 
zwischen  den  Gefâssen  liegenden  Blutinseln  liefert  uns  die  Keim- 
scheibe  eines  68  stlindigen  Embryo  mit  10  Segmenten.  Hier  haben 
sich  die  Zellen  der  Blutinseln  gelockert,  ihre  Zellen  liegen  fast  liberall 
in  den  Gefiissen  zerstreut  und  fangen  an  sich  qualitativ  zu  verandern, 
—  sie  differenzieren  sich. 

Hôchst  intéressant  ist  ferner  auch  die  hintere  Partie  der  Area 
vasculosa,  wo  wir  im  vorigem  Stadium  die  Blutinseln  im  Gewebe 
zwischen  den  Gefiissen  sahen.  Hier  fînden  wir  jetzt  massenhaft 
wandernde  Zellen  zwischen  den  Gefâssen  und  an  denselben  liegend. 
Es  sind  kleine  Elemente  mit  zahlreichen  amoboiden  Fortsiitzen  und 
sehr  basophilem  Protoplasma,  der  runde  Kern  ist  hell,  besitzt  keine 
Einkerbungen,  liegt  etwas  excentrisch  und  enthiilt  deutliche  Nukle- 
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olen.  Die  innerhalb  der  Gefasse  liegenden  Zellen  haben  im  allge- 
meinen  dieselben  Eigenschaften,  wie  die  eben  beschriebenen,  einige  von 
ihnen  fangen  aber  an,  ihre  Gestalt  zu  verândern  und  werden  liinglich. 

Die  Fliichenpraparate  des  Dottersacks  zeigen  sehr  deutlich  die 
Verhaltnisse  der  vereinzelt  zerstreuten  Zellen  und  der  Zellgruppen  zu 
den  Gefassen.  Die  iiusserst  scharf  umschriebenen  Grenzen  der 
letzteren  erlauben  es  mit  Sicherheit  festzustellen  dass  die  oben  be- 
schriebenen wandernden  Elemente  tatsachlich  ausserhalb  der  Gefasse 
liegen.  Nâtlirlich  konnen  wir  an  Fliichenprâparaten  andererseits  die 
topographischen  Beziehungen  dieser  Zellen  zu  den  Keimblattern  nicht 
genau  feststellen.  In  diesem  Falle  konnen  uns  gewiss  nur  Keim- 
scheibenschnitte  eine  Antwort  geben.  Solche  Schnitte  zeigen  nun 
auch  tatsachlich,  dass  dièse  Blutinseln  so  wie  die  spater  vereinzelt 
zerstreuten  Zellen  im  Mesoblast  liegen,  zum  Teil  zwischen  den  Ge- 
fassen, zum  Teil,  eng  an  ihre  Wand  von  aussen  angeschmiegt. 

Wenn  wir  jetzt  kurz  die  erlauterten  Tatsachen  zusammenfassen, 
so  konnen  wir  folgende  Schlusse  ziehen.  Aile  Blutbestandteile 
stammen  in  letzter  Instanz  von  einer  Zellart  den  Mesoblast-  resp.  den 
Messnchymzellen.  Die  Mesoblastzellen  verhalten  sich  etwas  ver- 
schiedenartig  im  vorderen  und  hinteren  Telle  der  Area  vasculosa. 
Vorne,  wo  die  Mesoblastzellen  weniger  zahlreich  sind,  bilden  sie 
leere  Gefassrâume  und  einzelne  selbststândige  runde  Wander- 
zellen  zwischen  den  letzteren.  In  den  seitlichen  und  hinteren 
Partieen  bildet  der  Mesoblast  dichte  Zellgruppen,  die  bald  grosser, 
bald  kleiner  sind  ;  es  ist  sicher  dass  auch  vereinzelte  Zellen  zwischen 
den  Gruppen  liegen  bleiben.  Der  weitaus  gi'osste  Teil  dieser  Zell- 
gruppen—  der  Blutinseln  —  bildet  bald  an  der  Peripherie  eine  ein- 
schichtige  diinne  Endothelmembran  und  verwandelt  sich  in  netzformig 
verbundene  Gefasse  mit  zellreichem  Inhalt.  Es  bleiben  aber,  wie  wir 
gesehen  haben.  Hie  und  da  einzelne  Blutinseln  auch  zwischen  den  sich 
neu  gebildeten  Gefassen  im  freien  Gewebe  liegen;  ihre  Zellen  ver- 
halten sich  am  Anfange  ganz  identisch  mit  den  innerhalb  der  Gefasse 
liegenden.  Die  in  den  Blutinseln  zusammengedrângten  Zellen  fangen 
dann  allmahlich  an  sich  zu  lockern  und  bald  finden  wir  innerhalb  und 
ausserhalb  der  Gefasse  uberall  zerstreute  Zellen  die  aile  einander 
gleich  sind.  Wenn  wir  ihre  morphologischen  Charaktere  genauer 
betrachten,  so  miissen  wir  zugeben,  dass  sie  in  ihrem  Habitus  den 
sogenannten  Lymphocyten  entsprechen. 

Die  Zellen,  die  die  ersten  geformten  Elemente  des  Blutes  sind, 
verdienen  naturgemiiss  den  Namen  "primitive  Blutzellen."  So 
werden  sie  auch  von  einigen  Autoren  genannt.  Soweit  es  sich  um  die 
allerfriihesten  Stadien  handelt,  stimme  ich  dieser  Benennung  durch- 
aus  bei;  die  Zellen  aus  denen  die  compakten  Blutinseln  bestehen, 
verdienen  durchaus  diesen  Namen.  Wiihrend  dieser  Période  haben 
sie  gewisse  ziemlich  typische  Eigenschaften;  sie  liegen  oft  so  dicht 
beisammen,  dass  man  von  Syncytien  sprechen  konnte  ;  sie  sind  rund, 
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nicht  amoboid,  haben  einen  hellen  runden  Kern  und  einen  ziemlich 
engen  Protoplasmasaum. 

Sobald  sich  aber  die  Blutinseln  in  einzelne  Elemente  aufîôsen, 
bekommen  dièse  Zellen  aile  das  typische  Aussehen  von  echten  Lym- 
phocyten  und  brauchen  nicht  mehr  primitive  Blutzellen  genannt  zu 
werden.  Dies  bezieht  sich  sowohl  auf  die  innerhalb,  als  auf  die 
ausserhalb  der  Gefasse  befindlichen  Zellen  man  kann  in  dieser 
Beziehung  nur  geringe  Unterschiede  bemerken. 

Es  ist  allerdings  nicht  zu  leugnen,  dass  sich  die  ans  den  Blutin- 
seln herleitenden  Zellen  in  Bezug  auf  ihre  physiologische  Tatigkeit 
in  gewàssem  Grade  von  den  spateren  Lymphocyten  verschieden 
verhalten,  indem  sie  abweichende  vielleicht  weniger  vollkommene 
Ervthroblasten-  und  Erythrocytenformen  liefern,  als  die  spateren 
Lvraphocyten  ;  es  wiire  aber  meins  Erachtens  unzweckmassig  nur 
deswegen  zwei  verschieden  Zellarten  zu  unterscheiden. 

In  den  folgenden  Stadien,  wo  noch  keine  grossen  Gefasse,  sondern 
nur  noch  ein  gleichmiissiges  Gefassnetz  vorhanden  ist,  wird  die 
Entwicklung  der  innerhalb  und  ausserhalb  liegenden  Zellen  eine 
verschiedene. 

Im  Inneren  der  Gefasse  giebt  es  augenscheinlich  gewisse  eigen- 
tumliche  Bedingungen,  die  der  Difïerenzierung  der  dort  befindlichen 
Zellen  einen  besonderen  Charakter  verleihen. 

Wenn  wir  die  Entwicklung  der  sich  ausserhalb  und  innerhalb  der 
Gefasse  befindenden  Zellen  vergleichen,  so  finden  wir  einen  wichtigen 
Unterschied.  Dièse  zwei  Gruppen  von  Zellen,  die  einen  gemeinsamen 
Ursprung  haben,  sich  in  morphologischer  Beziehung  am  Anfang 
vôllig  gleich  verhalten  und  von  mir  mit  dera  Namen  von  "Lym- 
phocvten  "  bezeichnet  wurden,  werden  also  von  den  ausseren 
Existenzbedingungen  in  der  Weise  beeinfîusst,  dass  sie  entsprechende 
verschiedene  Entwicklungswege  einschlagen. 

Die  sich  ausserhalb  den  Gefâssen  befindenden  Lymphocyten  ver- 
wandeln  sich  im  Dottersack  ausschliesslich  und  schon  in  sehr  friihen 
Stadien  Bebriitung  von  72-SO  Stunden  in  granulierte  Leukocyten, 
die  sich  dann  weiter  selbststandig  entwickeln. 

Die  innerhalb  der  Gefasse  liegenden  Zellen  verhalten  sich  ganz 
anders.  Ein  Teil  von  ihnen  behalt  fur  die  Zukunft  den  Lympho- 
cvtenhabitus  bei  und  vermehrt  sich  ohne  Veranderung.  Weiter,  sogar 
in  den  spatesten  Stadien,  findet  man  in  dem  Capillarnetz  des  Dot- 
tersacks  sehr  viele  Lymphocyten,  besonders  in  dessen  peripher- 
ishen  Teilen.  Ein  anderer  Teil  der  Lymphocyten  in  den  Gefâssen 
verandert  sich  aber  derart,  dass  die  Zellen  unter  steter  Wucherung 
die  verschiedenen  Formen  der  Erythroblasten  und  Erythrocyten 
liefern. 

B.  Das  erste  Auftreten  der  Blutelemente  und  Wanderzellen 
im  Korper  des  Huhnerembryo.  —  Wie  bekannt  liegt  die  erste  Bil- 
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dungsstatte  des  Blutes  ausserhalb  des  Organismus  im  Dottersack; 
erst  in  den  spiiteren  Entwicklungsstadien,  wenn  die  Diiïerenzierungs- 
processe  der  Gewebe  weiter  vorgeschritten  sind,  sehen  wir  auch  ira 
Korper  selbst  specielle  Organe  auftreten,  die  sich  an  der  Blutbildung 
beteiligen  und  sie  spiiter  ganz  iibernehmen. 

Das  erste  Elut  wird  dera  Organismus  von  den  Dottersackgefassen 
zugefuhrt  und  man  findet  es  dann  iiberall  in  den  Gefjissen  des  Organ- 
ismus die  von  Anfange  in  loco  in  Form  von  leeren  Rohren  gebildet 
wurden.  Es  besteht  hier  ungefâhr  aus  denselben  Elementen,  wie 
im  Dottersacke  zu  derselben  Zeit.  Die  zu  dieser  Zeit  in  den  Gefiissen 
des  Dottersacks  die  Differenzierung  der  Lymphocyten  zu  roten 
Bkitkorperchen  in  voilera  Gange  ist,  so  sehen  wir  dieselben  ver- 
scliiedenen  Zellarten  auch  in  den  Gefâssen  des  Kôrpers. 

Ein  kleiner  Unterschied  ist  aber  doch  zu  notieren.  Die  im  Dotter- 
sacke angebahnte  Erythrocytenentwicklung  schreitet  iiberall  im  zirku- 
lierenden  Blute  fort  und  da  hier  im  Korper  wenigstens  an  den  friiheren 
Stadien  nur  sehr  sparliche  Lyraphocyten  neu  gebildet  werden,  die 
aus  dera  Dottersacke  eingeschwerarate  aber  fortwahrend  sich  in  rote 
Blutzellen  verwandeln,  so  sehen  wir  in  den  Gefâssen  des  Organisraus 
fast  hauptsachlich  Erythrocyten  circulieren. 

Die  ersten  zelligen  Bestandteile  des  zirkulierendes  Blutes  sowohl 
die  roten  als  auch  die  weissen  stellen  also  nicht  ira  Korper  selbst  ent- 
standene,  sondern  von  auswârts  herbeigeschwerarate  Eleraente  vor. 

Die  Frage,  wo  die  ersten  Blutbildungsstatten  im  Organisraus 
zu  suchen  sind  und  wie  sich  ihre  physiologische  Tatigkeit  aussert, 
ist  nicht  schwer  zu  beantworten,  wenn  man  liickenlose  Serienprii- 
parate  verschiedener  dicht  aufeinander  folgenden  Stadien  genau 
durchmustert. 

Am  Ende  des  dritten  Tages  ist  das  Mesenchym  iiberall  noch 
vollig  indiffèrent:  es  besteht  aus  gleichfôrraigen  Zellen  mit  eckigem 
Zellleibe  und  zahlreichen  Fortsiitzen,  die  sich  rait  einander  und  den 
Fortsatzen  der  benachbarten  Zellen  verbinden.  Die  zu  dieser  Zeit 
bereits  unpaare  Aorta  liisst  fast  in  ihrer  ganzen  Lange  an  der 
ventralen  Seite  ihrer  Wand  einen  intensiven  Wucherungsprocess  er- 
kennen.  Ihre  Wand  besteht  zu  dieser  Zeit  aus  zwei  deutlich  geson- 
derten  Schichten:  -die  iiussere  stellt  mehrere  Lagen  plattgedriickter 
Mesench\TTizellen  vor,  die  innere  wird  von  stark  angeschwollenen 
Endothelzellen  gebildet,  die  einen  langlichen  Kern  und  einen  dicken 
Protoplasraasaura  aufweisen.  Dièse  Zellen  haufen  sich  besonders  an 
der  ventralen  Seite  der  Aortawand  an  und  springen  hier  in  Forra  von 
dicken  synzytienâhnlichen  Zellklurapen  in  das  Luraen  vor.  Das 
ganze  Aussehen  dieser  letzteren  erinnert  mitunter  sehr  an  die  Blut- 
inseln  der  Area  opaca  in  friihen  Stadien.  Hier  sind  die  Endothelzellen 
rundKch,  ihr  reichliches  Protoplasraa  ist  stark  basophil,  der  Kern  ist 
rund,  hell,  scharf  konturiert  und  rait  deutlichen  Kernkorperchen 
versehen.    Dass  dièse  Eleraente  intensiv  wuchern  bestâtigen  die  zahl- 
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reichen  Karyokinesen.  Die  beschriebenen  Zellklumpen  zerfallen  in 
einzelne  Zellen  iind  dièse  werden  vom  Bkite  weggespult;  sie  haben 
meistens  das  Aussehen  von  echten  Lyraphocyten.  Sehr  wichtig  ist 
der  Umstand  dass  man  an  dieser  Stelle  die  Verwandlung  der  auf  die 
beschriebene  Weise  entstandenen  L\iTiphocyten  in  rote  Blutkôrper- 
chen  verfolgen  kann.  Unter  fortwàhrender  Wucherung  nimmt  ein 
Teil  der  jungen  Zellen  eine  langliche  Form  an,  wahrend  im  Proto- 
plasma Hamoglobin  erscheint.  Andere  junge  Lyraphocyten  schlagen 
aber  auch  eine  andere  Entwicklungsrichtung  ein;  sie  dringen  als 
wirkliche  lymphocytenahnliche  Wanderzellen  in  die  periphere  Schicht 
der  Aortenwand  ein  und  wandern  weiter  im  Gewebe. 

Die  ersten  mit  den  Lymphocyten  identisclien  Bliit-  und  Wander- 
zellen treten  also  im  Korper  als  vom  Endothel  der  Blutgefasse  stam- 
mende  Elemente  auf. 

Bald  greift  aber  die  Bildung  von  Wanderzellen  im  weitesten  Sinne 
des  Wortes  auch  auf  das  gesammte  Mesenchym  des  Korpers  liber, 
wobei  sich  dieser  Process  allmâhlich  in  etwas  modifizierter  Form  ab- 
spielt  und  zur  Entstehung  mannigfaltigeren  Formen  fuhrt.  Eigent- 
lich  kann  das  ganze  Mesenchym  zu  dieser  Zeit  in  gewissen  Sinne  als 
blutbildendes  Organ  betrachtet  werden.  Ueberall  im  Korpermesen- 
chym,  besonders  an  der  iiusseren  Oberfliiche  des  Korpers,  speciell  in 
der  Kopfgegend  sieht  man  in  grossen  Mengen  wanderende  zellige 
Elemente  auftreten.  Man  kann  ungefiihr  den  folgenden  Entwick- 
lungsgang  feststellen. 

Aus  den  ffewohnlichen  Mesenchvmzellen  entstehen  durch  Ab- 
runden  und  Mobilwerden  Wanderzellen  mit  hellem  basophilem  fein 
vacuolisierten  Protoplasma  und  zackigem  amoboiden  Rand.  Mann 
kônnte  sie  wohl  in  Anlehnung  an  jetzt  existierende  Begriffe  als 
eigentliche  histiogene  Wanderzellen  bezeichnen.  Dièse  Bezeichnung 
ist  aber  jedenfalls  nicht  sehr  zutreffend,  da  ein  Teil  dieser  Elemente 
sicherlich  auch  aus  den  Lymphocyten  durch  einfache  Difïerenzierung 
entstehen  kann. 

Aus  den  Mesenchymzellen,  die  als  Endothel  die  Wand  der  Blut- 
gefasse bilden,  entstehen  an  vielen  Stellen,  auch  an  den  kleineren 
Gefiissen,  sogar  an  den  Capillaren,  ebenfalls  wandernde  Elemente; 
hier  sehen  sie  aber  in  der  Regel  anders  aus,  —  hier  sind  es  wieder 
die  typischen  Lymphocyten,  wie  wir  sie  aus  dem  Aortenendothel 
haben  entstehen  sehen. 

Obwohl  also,  wie  wir  sehen,  aus  den  Mesenchymzellen  zwei  Arten 
wandernde  Elemente  entstehen,  wjire  es  al)er  doch  unangebracht  zu 
glauben,  dass  es  zwei  wirklich  streng  gesonderte  Zellarten  sind. 
Erstens,  konnen,  wie  gesagt,  die  Lymphocyten  sich  in  die  histiogene 
Wanderzellen  verwandeln,  anderseits  ist  aber  vorliiufig  nicht  auzu- 
schliessen,  dass  auch  der  umgekehrte  Entwicklungsprocess»  mog- 
lich  ist. 

Auf  Grund  des  Erorterten    konnen  wir   also  eine  vollstàndige 
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Analogie  zwischen  der  ersten  Blutbildung  ausserhalb  und  innerhalb 
des  erabryonalen  Korpers  annehmen.  Die  ersten  Blutzellen  treten 
hier  wie  dort  zuerst  als  Lymphocyten  auf,  —  dièse  miissen  also  als 
die  Stammzellen  aller  Blutelemente  betrachtet  werden  und  erzeugen 
diirch  Prolifération  und  Differenzierung  in  verschiedenen  Rich- 
tungen  die  mannigfaltigen  Formen  der  roten  und  weissen  Blut- 
korperclien,  die  wir  im  erwachsenen  Organismus  fînden. 


UEBER   DIE   ERSTE  ENTSTEHUNG    DER   BLUTZELLEN 
IM   SÀUGETIEREMBRYO 

ALEXANDER  MAXIMOW 

Die  Frage  uber  die  erste  Entstehung  der  Blutzellen,  besonders  der 
Leukozyten,  im  Embryo  der  Saugetiere  gehort  bekanntlich  zu  den 
am  wenigsten  bekannten  in  der  Histologie  und  Embryologie.  Ich 
mochte  hier  heute  Einiges  darliber  berichten,  nach  Untersuchungen, 
die  ich  im  Laufe  der  letzten  Jahre  an  verschiedenen  Sâiige- 
tierembryonen  ausgefUhrt  habe  und  einige  entsprechende  Prâparate 
demonstriren. 

Die  Blutinseln  im  Bereich  der  Area  opaca  entstehen  bekanndich 
dadurch,  dass  die  polymorphen,  bewegHchen,  mit  Auslaufern  ver- 
sehenen  Mesoblastzellen  sich  gruppenweise  sammeln  und  dicht  an- 
einanderlagern.  Dann  tritt  Sonderung  der  peripheren  Zellen  von 
den  inneren  ein,  indem  sich  die  ersten  unter  Abplattung  in  die  En- 
dothelzellen  der  primaren  Gefâsse,  die  zweiten  unter  Abrundung  in 
die  ersten  Blutkorperchen  verwandeln.  Dièse  ersten  Blutkorperchen 
sollen  sich  nun  nach  den  Ubereinstimmenden  Angaben  aller  Autoren 
sehr  bald  siimmtlich  durch  Ausarbeitung  von  Hamoglobin  im  Proto- 
plasma in  embryonale  gekernte  rote  Blutzellen  verwandeln,  die  dann 
im  Blute  wâhrend  langer  Zeit  allein  zirkuliren.  Die  Leukozyten  sollen 
erst  viel  spiiter  entstehen  und  im  Gegensatz  zu  den  intravaskulâr  ent- 
standenen  Erythrozyten  ausserhalb  der  Gefâsse,  im  embryonalen 
Bindegewebe;  erst  nachtraglich  sollen  sic  auf  dièse  oder  jene  Weise 
in  die  Gefâssbahn  gelangen.  Auf  Grund  meiner  Prâparate  muss  ich 
mich  auf  einen  ganz  anderen  Standpunkt  stellen. 

In  sehr  friihen  Stadien  (Kaninchen  8-8f  Tage)  sind  aile  Zellen 
der  Blutinseln  einander  gleich.  Es  sind  kugelfôrmige  Elemente  mit 
schmalem,  leicht  basophilem,  hâmoglobinlosem  Protoplasma,  rundem 
hellem  Kern  mit  Nukleolus  und  blasser  runder  Sphâre.  Sie  vermehren 
sich  durch  Mitose,  ausserdem  vergrossert  sich  aber  ihre  Zahl  auch 
noch  dadurch,  dass  einzelne  von  den  Endothelzellen  unter  Schwellung 
und  Abrundung  frei  werden  und  in  das  Lumen  gelangen;  dieser 
letzterer  Vorgang  hort  aber  in  der  Area  opaca  bald  auf. 

Wenn  nun  dièse  hâmoglobinlosen  Zellen  wirklich,  wie  es  jetzt 
allgemein  angenommen  wird,  aile  oline  Ausnahme  Hamoglobin  aus- 
arbeiten  wurden,  so  wâre  es  allerdings  berechtigt,  sie  als  Erythro- 
blasten  zu  bezeichnen;  dem  ist  aber  nicht  so. 
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Sehr  bald  bemerkt  man  namlich  (Kaninchen  9^-10  Tage),  dass 
sich  dièse  Zellen  in  dem  Gefassnetz  der  Area  vasculosa  in  zwei  Zell- 
arten  differenziren.  Die  meisten  bekommen  einen  breiten,  kugeligen 
Zelleib,  ihr  Protoplasma  arbeitet  Hamoglobin  ans,  wird  homoo-en, 
farbt  sich  mit  Eosin  rot,  der  Kern  bleibt  regelmjissig  kugelformig,  die 
Nukk^olen  treten  weniger  scharf  hervor.  Sie  vermehren  sich  energisch 
weiter,  nach  11-12  Tagen  (Kaninchen)  ist  ihr  breiter  homogener 
Protoplasmasaum  schon  sehr  haraoglobinreich,  der  Kern  wird  in  den 
weiteren  Generationen  relativ  immer  kleiner,  die  Sphiire  undeutUcher. 
Es  sind  also  die  ersten  roten  Blutzellen  die  primitiven  Erythrozyten. 

Ein  kleinerer  Teil  der  Bkitinselzellen  arbeitet  aber  kein  Hamo- 
globin ans  und  verwandelt  sich  nicht  in  Erythrozyten.  Dièse  Zellen 
bekommen  vielmehr  ein  stark  basophiles  Protoplasma,  ihr  Kern  bleibt 
relativ  gross,  erhiilt  an  der  Membran  unregelmjissige  Einkerbungen, 
die  Nukleolen  werden  noch  grosser  und  deutlicher  und  das  am 
meisten  Charakteristische  sind  zahlreiche  feine,  spitze,  zipfelformige 
Pseudopodien,  die  das  sparliche,  aber  augenscheinJich  sehr  beweg- 
liche  Protoplasma  aussendet.  Die  ganze  âussere  Form  dieser  Zellen 
liisst  manchmal  direkt  auf  intensive  Ortsverânderung  an  der  Endothel- 
wand  schliessen.  Die  beschriebenen  Zellen  entsprechen  in  ihrem  mor- 
phologischen  Charakter  den  sog.  " grossen  Lymphozyten."  Sie  liegen 
iiberall  zwischen  den  primiiren  Erythrozyten  zerstreut.  Es  sind  die 
ersten  Leukozyten  des  embryonalen  Korpers. 

Die  ersten  Leukozyten  entstehen  also  zu  gleicher  Zeit  und  ans  den- 
selhen  Zellen,  wie  die  ersten  Erythrozyten  und  ebenjalls  intravaskulâr,  in 
den  Gefdssen  der  Area  vasculosa,  ausserhalh  des  Korpers. 

Es  ist  also  klar,  dass  man  die  ersten  noch  hamoglobinlosen,  in- 
differenten  Zellen  der  Blutinseln  in  den  friihesten  Stadien  keineswegs 
als  Erythroblasten  bezeichnen  kann;  es  ware  im  Gegenteil  viel  rich- 
tiger,  sie  als  Leukozyten  oder  sogar  Lymphozyten  zu  bezeichnen,  da 
sie  ja  hamoglobinlos  und  morphologiscli  echten  Lymphozyten  sehr 
âhnlich  sind  und  im  weiteren  Verlauf  der  Entwicklung  sowohl  Ery- 
throzyten, als  auch  Leukozyten  produziren.  Das  einfachste  ware 
sie  als  primitive  Blutzellen  zu  bezeichnen. 

Wenn  die  Blutzirkulation  beginnt,  so  gelangen  die  primitiven 
Blutzellen  in  den  Blutstrom  und  sind  iiberall  in  den  Gefassen  des 
Korpers  zu  finden.  SpJiter,  zur  Zeit,  wo  man  in  dem  Gefassnetz  der 
Area  vasculosa  schon  deutliche  Lymphozyten  und  primâre  Erythro- 
zyten unterscheidet,  und  primitive  Blutzellen  nicht  mehr  vorhanden 
sind  (Kaninchen  10  Tage),  sieht  man  dieselben  zwei  Zellarten  auch 
im  zirkulirenden  Blute  ;  nur  sind  hier  die  Lymphozyten  viel  seltener, 
als  im  Gefassnetz  der  Area  vasculosa.  Jedenfalls  treten  aber  echte 
weisse  Blutkôrperchen  vom  Lymptozytenhabitus  schon  sehr  friih 
nicht  nur  in  dem  blutbildendenOrgan,  in  derDottersackwand,  sondern 
auch  im  zirkulirenden  Blute  auf.  Sie  sind  hier  erst  ziemlich  selten, 
dann  werden  sie  aber  (Kaninchen  13|  Tage)  zahlreicher.    Sie  bleiben 
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mit  Vorliebe  in  verschiedenen  kleineren  Gefâssen,  besonders  am 
MedullaiTohr  und  am  Gehirn  stehen  und  ans  ihnen  entstehen  hier 
dann  in  spâteren  Stadien  oft  kleine  intravaskulàre  Bkitbildungsherde. 

Wahrend  der  Entwicklung  der  Blutinseln  sieht  man,  wie  gesagt, 
viele  Endothelzelleii  der  primaren  Gefiisse  sich  abrunden  und  in  pri- 
mare  Bkitzellen  verwandehi.  Dieser  Prozess  hort  nun  in  der  Area 
vasculosa  bald  auf  —  er  verbreitet  sich  aber  an  der  Gefasswand  in 
der  Richtung  nach  dem  Korper  zu  weiter.  Man  findet  nàmlich  in 
den  Dottersackarterien  und  besonders  an  der  ventralen  Seite  der 
Aortenwand  (Kaninchen  9-11  Tage)  in  ihrem  caudalen  Abschnitt 
eine  intensive  Endothelwuchcrung :  die  jungen  Zellen  runden  sich  ab, 
werden  weffffeschwemmt  und  mischen  sich  dem  zirkuhrenden  Bhite 
bei  —  jetzt  sind  es  hier  aber  nicht  mehr  primitive  Blutzellen,  sondern 
schon  echte  grosse  Lymphozyten,  ganz  dieselben,  wie  die  in  den 
Gefâssen  der  Dottersackwand  aus  den  primitiven  Bkitzellen  ent- 
standenen.  Sie  besitzen  auch  grosse,  belle,  etwas  unregelmassige 
Kerne  mit  dicken  Nukleolen  und  schmales,  stark  basophiles  Proto- 
plasma. Aehnliche  Lymphozytenproduktion  findet  man  auch  im 
Herzendothel. 

Als  erstes  blutbildendes  Organ  erscheint  beim  Embryo  bekannt- 
lich  die  aus  der  Area  vasculosa  sich  herleitende  gefâssreiche  Dotter- 
sackwand. In  ihren  Gefâssen  finden  wir,  wie  gesagt,  in  einem  be- 
stimmten  Stadium  (Kaninchen  bis  11  Tage)  nur  grosse  basophile 
amoboide  Lymphozyten  und  primâre  Erythrozyten.  Beide  Zellarten 
vermehren  sich  und  produziren  ihresgleichen. 

Sehr  bald  (Kaninchen  12  Tage)  tritt  hier  aber  eine  weitere  Kom- 
plikation  ein  —  es  fangen  nâmlich  auf  Kosten  der  I^ymphozyten 
sich  die  endgultigen  roten  Blutzellen  zu  entwickeln  an. 

Die  primaren  Erythrozyten  hâufen  sehr  viel  Hâmoglobin  in  ihrem 
Protoplasma  auf  und  werden  durch  Eosin  grellrot  gefârbt.  Sie  ver- 
kleinern  sich  in  den  weiteren  Generationen  etwas,  bleiben  aber  doch 
auch  fUr  die  Zukunft  immer  leicht  an  ihrer  Grosse  kenntlich.  Ihr 
Kern  wird  mit  der  Zeit  immer  kleiner,  behâlt  seine  regelmâssige 
sphârische  Form,  verliert  die  Nukleolen  und  sein  Chromatin  wird  in 
sehr  regelmâssigen  Kornchen  verteilt.  Zuletzt  bekommt  man  die 
letzten  Generationen  der  primaren  Erythrozyten  in  Form  von  grossen 
hâmoglobinreichen  roten  Blutkorperchen  mit  kleinen  pyknotischen 
Kernen,  die  nur  selten  die  Zellen  verlassen.  Aus  dem  zirkidirenden 
Blute  werden  sie  aber  nur  sehr  allmâhlich  durch  die  endgultigen 
Erythrozyten  verdrângt  und  sogar  bei  Kaninchenembryonen  von  20 
Tagen  kann  man  noch  einzelne  grosse  primâre  Erythrozyten  im  Blute 
finden. 

Die  Entstehung  der  endgultigen  roten  Blutzellen  wird  dadurch  ge- 
kennzeichnet,  dass  ein  grosser  Teil  der  aus  den  Lymphozyten  durch 
Wucherung  entstehenden  Tochterzellen  sich  in  bestimmter  Weise 
qualitativ  verândert.     Beim  Kaninchenembryo  von  12  Tagen  sieht 
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man  in  den  Gefassen  der  Dottersackwand  ausser  den  Lymphozyten 
und  primaren  Erythrozyten  schon  Haufen  von  neuen  Zellen  auf- 
tauchen  —  sie  sind  etwas  kleiner  als  die  Lymphozyten,  ans  denen  sie 
durch  Teilung  entstehen,  regelraiissig  rund,  nicht  mehr  amoboid,  ihr 
schmaler  Protoplasmasaum  ist  nur  mehr  leicht  basophil,  der  runde 
Kern  enthdlt  regelnuissûj  verteilte  Chromatinstuckchen,  die  Nukle- 
olen  iverden  mit  der  weiteren  Vermehrung  dieser  Zellen  immer  weniger 
deutlich.  Es  sind  Megaloblasten  mit  sog.  amblychroraatischen  Kernen, 
junge  Erythroblasten  mit  noch  fast  hamoglobinlosem  Protoplasma. 

Die  weitere  Entwicklung  dieser  hellkernigen  Megaloblasten  be- 
steht  darin,  dass  ihre  Nachkommenen  immer  kleiner  werden,  das 
Protoplasma  sich  immer  mehr  und  mehr  mit  Hâmoglobin  bereichert 
und  der  Kern  immer  kleiner  und  dunkler  wird  —  es  entstehen  typische 
Normoblasten  mit  trachychromatischen  Kernen,  die  sich  auch  selb- 
stândig  weiter  vermehren. 

Nach  13^  Tagen  beim  Kaninchen  sehen  wir  in  den  Dottersackge- 
fâssen  in  buntem  Durcheinander  hamoglobinreiche  primare  Erythro- 
zyten, grossere  und  kleinere  typische  Lymphozyten  und  Haufen  von 
sich  allmahlich  verkleinernden  und  mit  Hâmoglobin  beladenden 
amblychromatischen  und  trachychromatischen  Erythroblasten.  Die 
kleinsten  Normoblasten  fangen  auch  schon  an,  ihre  Kerne  durch 
Pyknose  und  Ausstossung  zu  verlieren  und  sich  in  gewohnliche  kern- 
lose  Erythrozyten  zu  verwandeln.  Die  freien  Kerne  werden  von 
Endothelzellen  gefressen. 

Zwischen  den  primitiven  Erythrozyten  einer  —  und  den 
Megalo-und  Normoblasten  andererseits  sieht  man  kaum  irgendwo 
Zwischenformen  —  das  ist  auch  leicht  erklârlich.  Die  primitiven 
Erythrozyten  entstehen  direkt  aus  den  primitiven  Blutzellen,  die 
Erythroblasten  aus  den  Lymphozyten  auf  viel  komplizirtere  Weise. 

Die  beschriebene  Entwicklung  der  Erythroblasten  aus  den  Lym- 
phozyten erreicht  rasch  ihren  Hohepunkt  im  Dottersack.  Die  ferti- 
gen  kernlosen  kleinen  Erythrozyten  treten  aber  nur  ganz  allmahlich 
in  das  zirkulirende  Blut  liber.  Im  letzteren  bilden  die  primaren 
Erythrozyten  noch  lange,  beim  Kaninchen  bis  zum  15-16  Tage  die 
Majoritiit.  Wahrend  man  dann  im  Dottersack  zwischen  IMassen  von 
Lymphozyten,  Megaloblasten  und  Normoblasten  nur  verhâltniss- 
massig  sparliche  primitive  Erythrozyten  sieht,  enthâlt  das  Blut  ausser 
den  grossen  meist  kernhaltigen  primitiven  Erythrozyten  und  den 
stets  vorhandenen  L\Tnphozyten  umgekehrt  nur  sehr  wenige  Mega- 
loblasten, Normoblasten  und  kleine  kernlose  Erythrozyten. 

Ueber  die  Entwicklung  der  Wanderzellen  im  embryonalen  Binde- 
gewebe  habe  ich  folgendes  zu  berichten. 

Das  Bindegewebe  tritt  zuerst  in  Form  des  sog.  Mesenchyms  auf, 
welches  aile  Râume  zwischen  den  Keimblattern  und  den  primaren 
Organen  allmahlich  ausfiillt.  Es  besteht  bei  allen  Saugern  anfangs  aus 
ganz  gleichformigen  Zellen,  die,  obwohl  sicher  beweglich,  sammtlich 


394        \^I.  mTERNATIONAL  ZOOLOGICAL  CONGRESS 

als  fix  bezeichnet  werden  miissen;  sie  besitzen  eine  unregelmassige, 
âstige  Form,  leicht  basophiles  Protoplasma,  ihre  Auslaufer  verbinden 
sich  netzformig,  ihr  ovaler  oder  auch  etwas  unregelmassiger  Kern 
entlialt  ein  zartes  netziges  Geriist  und  ein  paar  kleine  eckige  Nukleo- 
len.  In  Stadien,  wo  im  Blute  schon  typische  Lymphozyten  aufge- 
treten  sind  (Kaninchen  10-11  Tage),  sieht  man  in  diesem  Mesenchym 
noch  gar  keine  Zellen,  die  man  Wanderzellen  nennen  konnte.  Die 
Mesenchymzellen  runden  sich  nur  wahrend  der  Mitose  ab,  nehmen 
nach  ihrem  Ablauf  aber  sofort  wieder  das  typische  Aussehen  an, 

Dieser  primitive  wanderzellenlose  Zustand  des  IVIesenchyms 
ândert  sich  in  einem  gewissen  Zeitpunkt  (Kaninchen  12  Tage).  Es 
erscheinen  zwischen  den  fixen  Mesenchymzellen  die  ersten  histiogenen 
Wanderzellen.  Zuerst  treten  sie  vornehmlich  im  Kopf mesenchym,  in 
der  Umgebung  des  Medullarrohrs  und  der  Aorta  auf,  spiiter  werden 
sie  besonders  in  der  Haut  und  Unterhaut  immer  zahlreicher,  wahrend 
man  sie  im  Bindegewebe  der  inneren  Organe  verhiiltnissmassig 
sparlich  findet. 

Sie  entstehen  ganz  unabhangig  von  den  im  Dottersack  schon  be- 
findlichen  und  im  Blute  zirkulirenden  Lymphozyten.  Ihr  Aussehen 
ist  sehr  mannigfaltig.  Bei  den  einen  Tieren  {Kaninchen,  Katze)  un- 
ierscheiden  sie  sich  sehr  von  den  Lymphozyten.  Es  sind  hier  kleine 
amoboide  Zellen  mit  schwachbasophilem  Plasma,  mit  vielen  zackigen 
Pseudopodien,  mit  einem  hellen,  kleinen,  nukleolenhaltigen  Kern, 
dessen  Membran  unregelmassig  gefaltet  erscheint.  Im  Protoplasma 
tauchen  bald  belle  Vacuolen  auf  —  ein  sehr  typisches  Merkmal. 
Bei  anderen  Tieren  (Ratte)  sind  die  histiogenen  Wanderzellen  von 
Anfang  an  ganz  lymphozytenahnlich  —  derselbe  schmale  basophile 
Zellleib,  derselbe  relativ  sehr  grosse  belle  Kern  mit  dicken  Nukleolen, 
nur  enthâlt  das  Protoplasma  auch  hier  mitunter  schon  gleich  die 
typischen  Vacuolen. 

Die  Entstehung  der  Zellen  ist  leicht  zu  verfolgen  —  sie  entwickeln 
sich  durch  Kontraktion  und  Abrundung  einzelner  Mesenchymzellen 
und  das  interessanteste  dabei  ist  dass  vornehmlich  die  hart  an  den 
Gefàsswànden  liegenden  Mesenchymzellen  dièse  Veranderung  durch- 
machen,  ja  sogar  die  Endothelzellen  selbst. 

In  welcher  genetischer  Beziehung  stehen  nun  dièse  histiogenen 
Wanderzellen  zu  den  Lymphozyten?  Trotz  der  manchmal  (Kanin- 
chen, Katze)  zuerst  sehr  starken  morphologischen  Differenz  sind  es  doch 
sicher  zwei  ganz  gleichwertige  Zellarten.  Die  Lymphozyten  entstehen 
friiher,  zum  Teil  aus  den  primitiven  Blutzellen  der  Blutinseln,  zum 
Teil  aus  dera  Endothel  der  grossen  Gefasse.  Es  sind  also  auch  in 
letzter  Instanz  abgerundete  und  frei  gewordene  Mesenchymzellen, 
wie  die  histiogenen  Wanderzellen.  Wenn  die  letzteren  zuerst  einen 
abweichenden  morphologischen  Charakter  zeigen,  so  hangt  dies  davon 
ab,  dass  sie  unter  anderen  ausseren  Umstiinden  entstehen,  namlich 
nicht  in  das  Gefâsslumen  hineingelangen,  sondern  umgekehrt  an  der 
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Aussenseite  des  Gefassendothels  und  in  den  angrenzenden  Mesen- 
chymbezirken  sich  ablosen  und  im  Gewebe  weiterwandern,  Bei 
der  Ratte  finden  wir  sie  ubrigens  schon  von  Anfang  an  ganz  lympho- 
zytenâhnlich  und  dasselbe  geschieht,  wie  wir  noch  sehen  werden, 
auch  mit  einem  Teil  der  Nachkommen  der  histiogenen  Wanderzellen 
bei  Kaninchen  und  Katze  und  den  anderen  Saugern. 

Auf  die  beschriebene  Weise  wird  also  dem  jungen  Organismus 
schon  in  friihen  Entwicklungsstadien  ein  Stamm  von  wandernden 
Mesenchymzellen  geliefert,  die  zum  Teil  im  Bkite,  zum  Teil  im 
Bindegewebe  ihren  Sitz  haben,  unter  verschiedenen  Existenzhedin- 
ungen  verschieden  aussehen  kônnen,  abcr  aile  durchaus  gleichwertig 
sind. 


THE  PLAN  OF  DEVELOPMENT  IN  SERIES  OF  FORMS 
OF  KNOWN  DESCENT  AND  ITS  BEARING  UPON 
THE   DOCTRINE   OF   PREFORMATION 

BASHFORD  DEAN 

One  of  the  greater  problems  of  the  embryologist  is  to  déter- 
mine whether  the  embryo  is  "preformed  "  in  the  egg,  or  whether  it 
arises  through  a  séries  of  epigerietic  stages,  which  in  their  séquence 
recast  or  repeat  the  organism's  ancestral  history.  We  know,  of  course, 
that  in  the  case  of  some  animais  the  embryo  is  "preformed  "  (i.  e., 
prelocaHzed),  to  a  starthng  degree,  at  the  earliest  cleavage,  or  even 
before  it.  We  know  with  similar  definiteness  that  in  other  forms  the 
embryo  develops  epigenetically,  one  embryonic  stage  supplanting 
another,  and  that  the  component  éléments  transform  from  step  to  step, 
undergoing  changes  both  in  quantity  and  in  quality.  And  we  know 
that  varions  embryologists  hâve  tried  to  explain  thèse  opposite  types 
of  development  in  various  ways.  Extrême  mosaic  types,  to  quote 
Whitman,  —  and  I infer  that  this  is  his  own  view,  —  "are  commonly 
supposed  to  reflect  precociously  the  later  organization,"  that  is,  the 
mosaic  type  of  development  is  to  be  looked  upon  as  an  abbreviated 
form  of  an  epigenetic  development.  Other  writers  (e.  g.,  Fischel) 
regard  the  two  types  of  development  as  essentially  unrelated  to  one 
another;  while  others  still,  Huxley  and  his  followers,  are  inclined  to 
believe  that  epigenesis  is  in  essence  a  slowly  developing  form  of  évo- 
lution (preformation).  As  far  as  I  am  aware,  however,  no  attempt 
has  been  made  to  consider  the  question  more  closely  from  the  point  of 
view  of  phylogeny  (i.  e.,  by  analysing  séries  of  forms  of  knoum  de- 
scent),  —  a  most  profitable  mode  of  attack,  it  seems  to  me,  since  we 
admit  that  the  présent  developmental  processes  hâve  come  into  being 
as  modifications  of  the  developmental  processes  of  ancestors.    , 

It  is  in  this  regard  that  I  wish  to  call  attention  to  the  value  of  ver- 
tebrate  ^  embryology,  since  in  the  vertebrates,  thanks  to  palœontology, 

1  The  invertebrates,  on  the  other  hand,  contribute  but  scanty  tangible  évi- 
dence for  the  sokition  of  this  problem.  For  little  is  known  of  their  palœontolog- 
ical  origin.  And  their  groups,  even  to  many  of  the  ordinal  and  subordinal 
divisions,  hâve  been  separated  from  each  other  for  such  great  intervais  of  time 
that  we  may,  in  our  présent  knowledge,  readily  conclude  that  the  intergrading 
ontogenetic  processes  hâve  become  lost.  We  may  understand  also,  in  view  of 
such  lapses  of  time,  that  numerous  adaptive  changes  hâve  come  into  being, 
affecting  ail  stages,  sometimes  producing  complicated  parallelisms,  e.g.,in.  lawful 
stages,  or  local  différences. 
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we  hâve  a  clear  démonstration  of  the  descent  lines  of  a  number  of  the 
component  groups.  Accordingly,  if  we  can  demonstrate  that  the 
forms  C,  B,  A,  represent  a  phyletic  séries,  we  concUide  that  the  em- 
bryonic  processes  of  the  forms  of  the  group  C  are  derived  from  those 
of  B,  and  thèse  in  turn  from  A  Furthermore,  the  fact  that  the 
groups  are  derived  from  one  another  in  relatively  récent  times  pre- 
cludes  the  probabihty  of  the  appearance  of  a  confusing  range  of  adap- 
tive  changes.  Thus,  then,  we  may  be  assured  of  a  favorable  means 
of  identifying,  classifying  and  comparing  embryonic  processes,  and  of 
determining  to  what  degree  speciaUzed  (localized)  stages  may  appear 
in  the  embryos  of  varions  groups. 

The  results  of  such  a  study,  carried  out  from  the  point  of  view 
of  the  phyletic  dérivation  of  the  embryonic  changes,  throw  light,  I 
believe,  upon  the  problem  of  localization,  for  by  this  means  we  may 
show  that  varions  structures  become  developed  precociously  in  em- 
bryos of  groups  of  later  dérivation.  That  is,  that  the  later  groups 
may  produce  embryos  of  a  mosaic  type.  And  by  such  séries  we  may 
demonstrate  that  certain  mosaic  embryos  are  to  be  interpreted  not 
as  primitive  or  as  independently  developed  forms,  but  as  preco- 
ciously segregated  derivatives  of  epigenetic  ancestors.  That,  however, 
ail  mosaic  embryos  are  to  be  interpreted  in  this  fashion  does  not 
strictly  follow  from  our  présent  premises;  but  we  cannot  deny  that 
the  évidence  of  sériai  forms  is  to  be  given  the  greatest  weight. 

Séries  of  forms  of  known  dérivation  are,  e.  g.  : 

Birds  <  Reptiles 

Teleosts  <  Ganoids 

Chimœroids  <  Sharks 

Amphibians  <  primitive  lAmg-fishes  (essentially  Crossopterygian). 

We  may  note  that  in  any  of  thèse  séries  the  plan  of  development 
is  found  to  undergo  a  marked  improvement  in  the  later  members  of 
the  séries, — ^  "  improvement  "  in  the  sensé  that  the  young  acquire 
such  structural  characters  that  they  become  more  perfectly  self- 
supporting  and  in  a  (relatively  and  often  actually)  shorter  time. 

To  cite  an  instance  :  — 


Teleost  <  Ganoid 

But  in  the  actual  time  ^  of  em- 
bryonic development,  thus  :  — 


The  phylogenetic  development 
would  be  represented  by  longer 
and  shorter  lines,  thus  :  — 


Teleost 
I  Ganoid 


Ganoid 
I  Teleost 


'  This  is  true  of  the  majority  of  Teleosts,  —  not  of  those  which  hâve  evolved 
peculiar  adaptations,  e.  g.,  development  in  icy  water,  etc. 
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Now  in  this  state  of  affairs  the  greater  rapidity  of  development  of 
the  derived  type  of  animal  cannot  be  due  magna  parte  to  the  greater 
rapidity  with  which  the  embryo's  cellular  divisions  are  taking  place. 
For  it  is  known  that  the  rate  of  mitosis  is  not  widely  différent  in  thèse 
forms.^ 

In  short,  it  can,  I  believe,  be  demonstrated  that  in  a  derived  form, 
such  as  a  teleost,  there  are  fewer  cells  présent  in  the  embryo  than  in 
corresponding  stages  of  the  less-modified  ganoids.  If  then  the  teleost 
is  able  to  become  sclf-supporting  with  its  fewer  cells,  we  conclude  that 
thèse  cells  in  the  process  of  their  évolution  must  hâve  acquired  greater 
spécification  (prelocalization).  In  such  a  case,  however,  the  objec- 
tion might,  with  Huxley,  be  raised  that  what  seems  a  more  epigenetic 
type  of  development  is  in  esse  preformational,  manifesting  itself  only 
at  an  earlier  period.  But  this  objection  loses  its  weight,  it  seems  to 
me,  when  one  takes  into  account  such  séries  of  forms  of  known  de- 
scent.  For  it  then  becomes  clear  that  the  changes  in  thèse  séries 
which  lead  to  mosaicness  are  not  manifesting  themselves  from  the 
egg  outward,  i.  e.,  arising  in  the  earliest  stages  and  becoming  évident 
in  a  centrifugal  fashion,  but  are  gradually  evolving  in  the  reverse 
direction,  centripetally,  L  e.,  the  structures  of  late  stages  are  being 
inherited  at  a  younger  period,  in  the  fashion  of  "accélération," 
as  long  since  demonstrated  by  the  palœontologist  (e.  g.,  Hyatt).  In 
a  Word,  characters  of  the  late  "larva"  of  the  ancestral  form  come  to 
appear  in  the  early  embryos  of  the  derived  form  :  characters  of  the 
early  "larva"  of  the  ancestral  form  appear  in  the  gastrulation  of  the 
derived  form;  characters  of  the  late  gastrulation  of  the  ancestral 
forms  are  "shunted  back  "  into  the  segmentation  stages  of  the 
derived  form.^ 

In  other  words,  in  the  derived  form  the  "stages  "  come  obviously 
to  exist  upon  a  scafîolding  of  fewer  subserving  cellular  éléments.  A 
cell  in  the  notochord  of  a  specialized  teleost  may  be  équivalent  to 
(about)  6  cells  in  the  corresponding  stage  of  the  ganoid,  a  cell  in  the 
spinal  cord  to  (about)  10  cells  in  the  ganoid,  a  cell  in  the  mesone- 
phros  to  many  mesonephric  cells  in  the  ancestral  form,  a  cleavage 
blastomere,  finally,  to  many  cleavage  blastomeres.    In  short,  we  are 

*  There  is  clearly  no  exact  recapitulation  of  the  ancestral  stages  in  the  embryos 
of  the  derived  forms  (thus  the  teleost  does  not  recapitulate  the  exact  stages  in  the 
ganoid).  Yet  ail  will  admit  that  the  plan  of  development  of  the  second  form  is 
a  modification  of  the  plan  of  development  in  the  ancestral  form. 

^  To  cite  a  f ew  détails  (taking  the  teleost  as  an  example)  : 

(1)  At  about  the  5th  cleavage  in  the  teleost  appears  periblast,  which  is  the 
homologue  of  (but  more  perfect  indeed  than)  the  subgerminal  zone  of  nuclci  at  the 
period  of  late  gastrulation  in  ganoid. 

(2)  In  late  cleavage  appear  "germ  cells  "  which  in  the  ganoid  can  be  identi- 
fied  only  in  later  embryonic  stages. 

(3)  Before  the  close  of  gastrulation  the  teleost's  nervous  System  extends  250° 
around  the  egg,  whilc  in  sturgeon  and  garpike  it  measures  scarcely  more  than  90°. 

(4)  In  early  larval  stages  the  teleost  attams  a  homocercal  tail,  a  condition  ac- 
quired only  in  more  modernized  ganoids,  and  at  a  late  larval  period. 
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dealing  in  such  cases  with  a  centripetally  "compressed  "  dcvelopment, 
one  which  becomes  more  and  more  mosaic,  in  expressing  the  later 
stages  of  the  ancestors  in  the  earlier  stages  of  the  descendants. 

In  such  a  case,  e.  g.,  teleost,  furthermore,  we  note  that  the 
embryonic  "  improvements  "  hâve  taken  place  within  measurable 
time  (since  the  hite  mesozoic).  And  if  such  changes  can  be  pro- 
duced  within  a  relatively  short  time  we  may  assume,  not  unreason- 
ably,  that  the  "shunting  back  "  (accélération)  of  useful  embryonic 
structures  would  become  expressed  more  clearly  and  in  earlier  stages 
if  longer  time  permitted,  say  twenty,  or  a  thousand,  times  longer  than 
in  the  case  in  point.  We  therefore  conclude  that  out  of  the  develop- 
mental  plan  of  epigenesis  may  arise  the  developmental  plan  of 
mosaicness,  —  ex  epigenese  prœformatio. 

PosTSCRiPTUM.  —  If  we  admit  the  gênerai  proposition  that  pre- 
formation  may  be  derived  from  epigenesis  as  the  resuit  of  an  accumu- 
lated  séries  of  changes,  concentrated  into  earlier  development  in  the 
course  of  time,  the  time  factor  is  evidently  to  be  given  the  closest  con- 
sidération.   And  the  following  inductions  are,  I  believe,  tenable  :  — 

I.  If  two  descent  Unes  of  animais  hâve  been  separated  from  each 
other  for  an  exceedingly  long  period,  the  plan  of  their  development 
would  tend  to  become  specially  adapted  to  each  separate  group. 
This  resuit,  however,  would  be  less  évident  in  the  separate  groups 
should  they  retain  identical  living  conditions  during  any  or  ail  periods 
of  ontogeny.  Thus,  if  the  conditions  for  the  growth  of  the  earlier 
stages  in  the  two  separate  Unes  remained  unchanged,  thèse  stages 
would  fail  to  develop  unlike  adaptations  :  if  in  the  two  separate  lines 
the  later  stages  alone  remained  under  identical  living  conditions,  the 
most  conspicuous  changes  in  plan  of  development  would  be  in  the 
earlier  stages.  If  the  adults  alone  remained  under  identical  living 
conditions,  the  plan  of  embryonic  development  would  differ  in  propor- 
tion to  the  length  of  time  available  for  this  adaptive  évolution  :  i.e.,  in 
such  a  case,  if  the  time  were  of  great  duration,  the  adaptive  embryonic 
changes  would  be  striking  (e.  g.,  Peripatus). 

II.  Thus,  conversely,  should  two  forms  similar  in  structure  be 
found  to  differ  in  their  plan  of  development,  we  would  conclude 
justly  that  thèse  forms  had  been  separate  for  a  long  period  of  time 
(e.  g.,  hagfish  and  lamprey). 


INTRA-INDIVIDUAL   VARIATION   AND    HEREDITY 
RAYMOND  PEARL 

1.  A  WELL  known  type  of  organic  symmetry,  which  is  to  be 
found  in  both  plant  and  animal  forms,  is  that  in  which  parts  funda- 
mentally  like  each  other  in  structure  and  function  are  arranged 
either  in  a  simple  linear  System,  or  in  a  composite  of  linear  Systems 
(branched  forms).  In  animal  forms  this  structural  type  is  designated 
as  the  "segmentai,"  and  typical  examples  of  a  primitively  simple 
character  are  to  he  found  among  the  annelid  worms.  In  plants  this 
type  of  symmetry  is  of  very  fréquent  occurrence,  and  is  perhaps  most 
typically  to  be  seen  in  forms  which  produce  similar  whorls  of  leaves 
at  each  node  (example,  Ceratophyllum).  A  very  little  study  sufïices 
to  show  that  the  separate  members  of  such  séries  of  like  parts  as 
those  under  discussion,  while  generally  similar,  jet  within  the  same 
individual  organism  exhibit  variation  among  themselves.  This 
variation  is  apart  from  and  independent  of  whatever  difîerentiation 
may  exist  between  the  différent  members  of  the  séries.  It  obviously 
is  a  kind  of  variation  which  must  be  sharply  distinguished  from 
the  variation  exhibited  between  différent  individuals  of  a  race  or 
species.    To  it  has  been  applied  the  term  intra-individual  variation. 

2.  Particular  analysis  of  the  phenomenon  of  intra-individual 
variability  in  the  plant  Ccrafophylhim  demersum  has  been  made  by 
the  writer.^  The  character  principally  dealt  with  in  this  study  was 
the  number  of  leaves  to  the  whorl,  The  chief  results  of  the  analysis 
were  to  show  that  in  this  plant  :  — 

(a)  The  whorls  are  difïerentiated  in  respect  to  their  leaf  number 
according  to  their  position  on  the  plant  axis.  This  difîerentiation 
is  capable  of  description  by  a  simple  logarithmic  curve  of  the  form 

y  =  A  +  C  log  (x  +  a), 

where  y  dénotes  mean  number  of  leaves  per  whorl  in  whorls  situated 
at  a  distance  x  from  a  fixed  point  a  on  the  axis  of  the  plant,  and  A 
and  C  are  constants.  There  is  abundant  évidence  that  a  logarithmic 
curve  of  growth  is  of  very  gênerai  applicability  in  the  growth  of  both 
plants  and  animais. 

(6)  As  whorls  are  successively  produced  by  the  apical  bud 
or  growing  point  of  any  axis  of  the  plant  they  exhibit  continuously 
diminishing  variability.     The  whorls  first  produced  on  an  axis  are 

'  Carnegie  Institution  of  Washington  Publication  No.  58,  pp.  1-136,  1907. 
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the  most  variable;  later  ones  vary  less,  in  an  orderly  progression. 
Ultimately  a  condition  of  practically  no  variation  is  reached.  This 
phenomenon  of  decreasing  variability  with  repeated  production  of 
like  parts  (or  actions)  is  believed  to  be  of  gênerai  occurrence,  both 
in  relation  to  the  form  production  and  to  the  behavior  of  organisras. 
On  the  morphogenetic  side  it  is  the  counterpart  of  Jenning's  "  law 
of  the  readier  resolution  of  physiological  states  in  behavior."  It 
appears  with  great  précision  in  ail  of  the  morphogenetic  phenomena 
of  Ceratophyllum  investigated. 

(c)  By  the  application  of  the  principles  involved  in  (a)  and  (b) 
above,  it  is  possible  to  trace,  step  by  step,  the  genesis  of  the  gross 
individual  variation  curve  (frequency  curve)  for  intra-individual 
variation  in  Ceratophyllum,  In  other  words,  it  is  possible  to  see 
how,  through  the  opération  of  thèse  laws  of  growth  (or  diiîerentia- 
tion)  cited,  the  particular  type  of  variation  curve  characteristic  of 
Ceratophyllum  cornes  to  exist  instead  of  some  other  out  of  many 
possible  types.  It  is  too  commonly  assumed  in  studies  of  variation 
that  the  fundamental  unit  of  investigation  is  the  frequency  curve. 
The  fundamental  problem  in  every  study  of  variation  appears  to 
the  writer  to  be  that  of  the  genesis  of  the  frequency  curve  observed  to 
exist  under  a  particular  set  of  conditions.  What  are  the  biological 
causes  which  lead  for  one  organism  to  the  production  of  a  particular 
and  relatively  constant  type  of  variation  curve,  and  for  another  or- 
ganism to  another  equally  particular  and  constant  but  différent 
type  of  curve?  To  answer  this  question  obviously  requires  that 
the  gross  frequency  curve  be  subjected  to  analysis  in  ternis  of  indi- 
viduals,  and  not  be  itself  considered  the  ultimate  unit  of  investiga- 
tion. In  many  cases  the  multiplicity  of  causes  concerned  in  the 
production  of  frequency  curves  appears  at  présent  to  make  such 
analysis  impossible  of  human  accomplishment,  but  such  a  con- 
sidération in  no  wise  lessens  the  desirability  of  pushing  forward  the 
analysis  wherever  it  can  be  donc. 

3.  Linear  Systems  of  repeated  like  parts  may  be  produced  in 
several  ways,  which  are  biologically  distinct.  Two  of  the  most  im- 
portant are:  (1)  the  différent  members  of  the  séries  may  be  succes- 
sively  produced  by  the  continued  morphogenetic  activity  of  a  grow- 
ing  point  or  apical  bud  at  the  end  of  an  axis  (example  :  Ceratophyllum 
or  any  other  similar  plant  form).  (2)  Each  member  of  the  séries 
after  having  been  formed  niay  itself  produce  the  next  member,  by 
a  process  akin  to  budding.  Clear  examples  of  this  type  are  to  be 
found  among  the  hydroids,  particularly  the  Plumularidse.  Hère 
each  person  on  an  axis,  after  having  completed  its  own  growth  and 
differentiation,  forms  at  its  distal  end  a  bud  which  develops  as  the 
next  person  in  the  séries.  The  différent  members  of  séries  formed 
in  thèse  two  ways  seem  to  stand  in  relations  to  each  other  directly 
comparable  to  the  relationships  between  distinct  individuals  which 
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are  designated  as  hereditary.  The  members  of  a  séries  produced 
by  the  continued  activity  of  an  apical  bud  clearly  stand  in  a  rela- 
tionship  to  each  other  comparable  to  the  fraternal.  They  are  to  be 
compared  to  a  uniparental  fraternity  of  individuals.  When  the 
members  of  the  séries  are  produced  by  budding,  the  relationship 
between  them  woiild  appear  to  correspond  to  that  of  parental  or 
ancestral  inheritance  among  individuals.  Each  person  of  a  hydroid 
stock  is  the  immédiate  ancestor  (or  parent)  of  the  person  next  distad. 
On  this  view  a  branch  of  a  hydroid  stock  would  represent  a  Une  of 
individual  ancestral  descent  (a  family,  in  other  words)  in  which  the 
particular  éléments  lead  a  combined  existence  instead  of  becoming 
separated. 

Taking  thèse  views  as  to  the  relationship  of  difïerently  produced 
like  parts  of  an  individual  as  a  working  hypothesis  it  is  possible  to 
test  their  validity  by  measuring  biometrically  the  degree  of  resem- 
blance  or  corrélation  between  the  différent  members  of  such  séries. 
In  the  case  of  like  parts  produced  in  the  manner  first  described 
above  (apical  bud  growth)  Pearson  lias  shown  in  his  brilliant  memoir 
on  homotyposis  ^  that  the  coefficients  measuring  corrélation  be- 
tween suclî  parts  in  a  wide  séries  of  plant  forms  are  in  gênerai  of  the 
same  order  of  magnitude  as  the  coefficients  of  fraternal  inheritance 
among  individuals.  The  writer  has  in  hand  at  présent  an  investi- 
gation of  the  resemblance  between  the  différent  persons  (produced 
by  budding)  in  stocks  of  the  hydroid  Aglaophcnia  hellcri  to  déter- 
mine whether  the  corrélations  there  correspond  in  magnitude  to 
those  observed  for  ancestral  inheritance  among  individuals.  The 
work  has  not  yet  progressed  far  enough  to  make  possible  a  definite 
statement  of  results  at  this  time.  It  would  appear  that  the  pro- 
cesses of  (a)  production  of  "like  parts"  (members,  or  persons)  of 
a  séries  by  an  individual,  and  [h)  the  production  of  "like"  indi- 
viduals through  the  activity  of  germ  cells,  must  be  regarded  as  bio- 
îogical  processes  very  closely  akin  if  not  fundamentally  identical. 
The  only  distinction  between  them  which  it  seems  possible  now  to 
make  is  that  in  one  case  the  products  of  cell  division  remain  perma- 
nently  in  contact  with  one  another  to  form  a  single  System,  whereas 
in  the  other  case  the  products  of  cell  division  at  some  step  in  the 
process  of  development  sépara  te  completely  from  the  System  which 
produced  them  and  thereafter  lead  independent  existences.  So^ 
as  the  process  of  production  is  concerned  this  distinction  does  v  •  -^ 
appear  to  be  fundamental.  r, 

^Phil.  Trans.  197,  pp.  285-379,  1901. 
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RESULTS  OF  CROSSING  BURSA  BURSA-PASTORIS  AND 
BU  RSA  HEEGERI 

GEORGE   HARRISON   SHULL 

Ten  years  ago  Solms-Laubach  received  from  Heeger  some 
spécimens  of  a  Cruciferous  plant  which  was  found  growing  in 
nature  at  Lindau,  Germany,  which  the  latter  could  not  identify. 
In  gênerai  habit  thèse  plants  resembled  the  almost  cosmopolitan 
species,  Bursa  bursa-pastoris  (L)  Britton  or  Capsella  bursa-pasforis 
as  it  is  commonly  called  by  European  botanists.  They  differed  from 
the  latter  species,  however,  in  having  seed  capsules  oval  in  outline 
and  circular  in  cross-section  instead  of  the  flat  and  triangular  or 
obcordate  capsules  which  are  characteristic  of  Bursa  bursa-pastoris. 

Solms-Laubach  and  Ascherson  to  whom  he  showed  the  spécimens, 
were  both  inclined  at  first  to  refer  them  to  the  genus  Camelina,  which 
is  characterized  by  spherical  capsules.  Cultures  made  from  seed  se- 
cured  from  Professor  Heeger  soon  indicated,  however,  the  near  rela- 
tionship  of  the  new  form  to  Bursa  bursa-pastoris  when  in  1898  several 
apparent  reversions  to  the  capsule-form  of  B.  bursa-pastoris  were 
noted.  In  1900  Solms-Laubach  ^  published  an  account  of  the  new 
form,  assigning  to  it  the  name  Capsella  heegeri  which  becomes,  ac- 
cording  to  the  American  code,  Bursa  heegeri  (Solms-Laubach). 

This  very  distinct  species  of  Bursa  has  attracted  considérable 
attention  for  the  reason  that  its  occurrence  as  a  component  of  the 
flora  of  a  région  so  well  known  taxonomically  could  leave  scarcely  a 
doubt  of  its  very  récent  origin  from  B.  bursa-pastoris  by  mutation, 
and  it  was  mentioned  by  De  Vries  "  as  an  instance  of  mutation  in 
nature.  Shortly  after  the  publication  of  the  original  account,  Bursa 
heegeri  disappeared  from  the  type  locality  at  Lindau,  and  has  been 
reported  from  nature  only  once  since  that  time,  though  it  has  been 
widely  grown  in  botanical  gardens. 

The  second  report  of  the  discovery  of  Bursa  heegeri  in  nature  was 
made  by  Laubert  ^  who  discovered  it  along  the  Dahlem  turnpike  in 
1905,  but  hère  the  likelihood  of  a  new  origin  is  certainly  exceeded  by 
the  likelihood  that  a  seed  was  carried  to  this  spot  by  some  agency 
f"  .il  a  nearby  culture,  for  it  had  been  cultivated  for  several  years  at 
Di  .lem  in  an  unprotected  bed  several  hundred  meters  from  the 
place  in  which  Laubert  discovered  it.    Laubert  pointed  out  that  there 

*  Solms-Laubach,  H.,  Cruciferienstudien  I.  Capsella  Heegeri  Solms  eine 
neuentstandene  Form  der  deutschen  Flora.  Bot.  Zeit.,  58,  pp.  167-190,  PI.  VII. 
1900. 

^  De  Vries,  H.,  Die  Mutationstheorie.  I.  Die  Entstehung  der  Arten  durch 
Mutation,     pp.  477-478.     1901. 

'  Laubert,  R.,  Notizen  uber  Capsella  Heegeri  Solms.  Verh.  des  Bot.  Vereins 
d.  Provinz  Brandenhurg.     47,  pp.  197-199,  1905. 
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are  other  characters  of  the  stem  and  inflorescence  in  addition  to  the 
capsule  character  noted  by  Solms-Laubach,  which  servç  to  distinguish 
B.  heegeri  from  its  supposed  parent,  but  on  the  other  hand  he  found 
that  in  both  species  there  occur  fréquent  instances  of  abnormal  pis- 
tillate  but  stérile  flowers  in  the  lower  portion  of  the  flower-stem,  and 
he  took  this  fact  together  with  the  occurrence  of  capsules  occasionally 
simulating  those  of  B.  bursa-pastoris ,  formed  when  B.  heegeri  is  at- 
tacked  by  Cystopus  and  Peronospora,  as  additional  proofs  of  the 
correctness  of  the  view  that  B.  heegeri  is  a  derivative  from  B.  bursa- 
pastoris.  Of  the  manner  of  its  dérivation  from  B.  bursa-pastoris 
nothing  is  known,  of  course,  but  Potonie  ^  suggests  that  its  origination 
was  a  pathological  phenomenon  with  atavistic  significance;  in  other 
words,  that  it  is  a  reversion  induced  by  some  pathological  condition. 

The  prominent  part  which  mutation  may  hâve  taken  in  the  produc- 
tion of  new  species  makes  it  of  great  interest  to  know  in  each  case 
just  what  will  be  the  resuit  both  of  self-fertilization  and  of  crossing 
the  mutant  with  the  parental  form,  for  its  behavior  in  thèse  two 
cases  is  the  important  factor  in  determining  its  power  of  mainte- 
nance at  the  time  of  its  origin.  The  resuit  of  self-fertilization  was 
investigated  by  Solms-Laubach  before  the  publication  of  his  original 
accourt,  and  it  was  shown  that  the  characters  that  differentiate  B. 
heegeri  from  B.  bursa-pastoris  are  fully  heritable.  As  the  Bursas 
normally  self-fertilize  to  a  prédominant  extent,  the  possession  of  a 
vigorous  constitution  would  seem  to  be  ail  that  is  necessary  for 
successful  maintenance. 

I  hâve  now  tested  the  question  as  to  what  will  happen  when  Burca 
heegeri  and  B.  bursa-pastoris  intercross.  In  order  to  appreciate  the 
resuit  fully  it  will  be  necessary  to  recount  briefly  some  recently  dis- 
covered  facts  regarding  the  composition  of  the  species  B.  bursa- 
pastoris.  This  species  is  not  of  unit  value,  but  is  a  composite  group  of 
elementary  species  as  has  been  shown  by  Lotsy,^  Shull,^  and  Almquist.* 
How  many  of  thèse  elementary  species  there  may  be  cannot  be 
stated  at  this  time,  but  Almquist  has  described  and  named  over  70. 
In  my  own  cultures  I  hâve  observed  that  some  of  the  difïerentiating 
characters  used  by  Almquist  disappear  upon  continued  breeding, 
and  I  think  it  very  probable  that  not  ail  of  the  70  elementary  species 
described  by  him  will  stand  the  test  of  longer  culture  under  more 
carefully  controlled  conditions,  but  it  seems  évident  that  the  number 
of  elementary  forms  may  be  considérable.  I  hâve  studied  in  their 
hybrid   combinations   four  of   thèse   elementary   species,   and   hâve 

'  Potonie,  H.,  Capsella  Heegeri  eine  pathologische  Erscheinung  mit  ata- 
vistischen  Momenten?    Naturwis.  Wochenschr.    21  (N.  S.  5),  pp.  788-791.     1906. 

^  Lotsy,  J.  P.,  Vorlesungen  iiber  Deszendenztheorien,  mit  besonderer  Be- 
riicksichtigung  der  botanischen  Seite  der  Frage.     ErsterTeil.    pp.  179-181.    1906. 

3  Shull,  G.  H.,  Elementary  species  and  hybrids  of  Bursa.  Science,  N.  S. 
25,  pp.  590-591.     1907. 

*  Almquist,  E.  Studien  ûber  die  Capsella  bursa-pastoris  L.  Acta  Horti  Ber- 
giana.    4,  No.  6,  1907. 
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demonstrated  their  distinctness  and  permanence  beyond  a  possible 
question.  Thèse  four  types  are  distinguished  from  each  other  by 
characteristie  lobation  of  the  leaves.  For  eonvenience  I  hâve  as- 
signed  to  thèse  four  forms  the  names  Bursa  bursa-pastoris  heteris,  B. 
bp.  rhomboidea,  B.  bp.  tenuis,  and  B.  bp.  simplcx.  \i  has  been  impos- 
sible to  détermine  which  of  Almquist's  elementary  forms  agrée  with 
thèse,  but  it  is  almost  certain  that  each  of  thèse  four  forms  is  more  in- 
clusive than  his  described  forms,  and  that  under  each  of  thèse  headings 
should  be  grouped  several  of  his  named  elementary  species.  Thèse 
four  types  may  be  briefly  characterized  as  follows: 

Type  (a).  Bnrsa  bp.  heteris  has  the  leaves  divided  to  the  mid- 
rib,  the  terminal  lobe  being  usually  separated  from  the  nearest  latéral 
lobes  by  clean,  deep  incisions.  The  latéral  lobes  consist  essentially 
of  two  features,  an  elongated  proximal  portion,  the  "primary  lobe," 
and  a  more  or  less  rounded  or  angular  portion,  the  "secondary  lobe, 
in  the  distal  axil  of  the  primary  lobe."  Several  of  Almquist's  re- 
cently  described  elementary  species  obviously  fall  under  this  head, 
his  B.  bp.  angustiloba  representing  the  most  pronounced  type,  and 
Witirockii,  rubella,  and  others  doubtless  belong  hère.  From  the  de- 
scriptions and  photographs  I  hâve  been  unable  to  détermine  which 
is  the  first  of  his  elementary  species  which  should  be  classed  hère. 
This  is  an  important  matter  because  it  would  détermine  the  priority 
of  names. 

Type  (b).  Bursa  bp.  rhomboidea  has  the  leaves  divided  to  the 
midrib  as  in  type  (a).  The  latéral  lobes  hâve  an  incision  on  the  distal 
margin  setting  off  the  rounded  secondary  lobe  from  an  unelongared 
primary  lobe,  the  secondary  lobe  corresponding  with  the  rounded 
distal  component  of  the  heteris  lobe.  There  is  usually  a  corresponding 
incision  on  the  proximal  margin  of  the  primary  lobe.  In  the  best 
developed  spécimens  thèse  incisions  set  ofï  a  small  terminal  portion 
which  is  rather  blunt  or  angular  at  the  apex,  being  generally  of  rhom- 
boidal  form.  Less  perfectly  developed  spécimens  hâve  the  incisions 
very  shallow,  or  nearly  wanting.  Hère  may  belong  Almquist's  B.  bp. 
polyedra,  densa,  and  alpina. 

Type  (c).  Bursa  bp.  tenuis.  This  dilTers  from  both  (a)  and  (b) 
in  that  the  sinuses  do  not  usually  reach  the  midrib  and  the  terminal 
lobe  is  not  set  ofï  from  the  nearest  latéral  lobe  by  a  clean-cut  incision 
reaching  almost  or  quite  to  the  midrib.  The  lobes  are  more  or  less 
elongated  and  sharp,  entirely  lacking  the  rounded  secondary  lobe. 

Type  (d).  Bursa  bp.  simplex.  Like  the  last,  this  form  is  scarcely 
ever  divided  nearly  to  the  midrib,  and  the  lobes  are  mostly  obtuse, 
sometimes  more  or  less  acutish,  but  never  long  and  attenuated. 

I  hâve  studied  over  twenty  familles  of  hybrids,  among  thèse  four 
elementary  species,  and  find  that  they  represent  the  four  terms  of  a 
typical  Mendelian  dihybrid,  the  alternate  characteristie  being,  Aa, 
an  elongated  primary  lobe  vs.  no  elongated  primary;    and,  Bb,  a 
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rounded  secondary  lobe  vs.  no  rounded  secondary.  In  the  usual 
manner  of  designating  gametic  formulae,  B.  bp.  heteris  will  be  repre- 
sented  as  AB,  possessing  both  dominant  characteristics  ;  rJiomhoidea 
will  be  aB  ;  tenuis,  Ab,  and  simplex,  ab.  From  this  it  will  be  inferred 
that  heteris  is  dominant  over  ail  of  the  other  forms  ;  that  rhomboidea 
and  tenuis  are  both  dominant  over  simplex,  and  récessive  to  heteris; 
and  that  when  tenuis  and  rhomboidea  are  crossed  together,  and  when 
heteris  and  obtusa  are  crossed  together,  heteris  appears  as  the  Fj,  and 
ail  four  forms  will  occiir  in  Fj  in  the  ratio  9:3:3:1.  AU  of  thèse  in- 
ferences  hâve  received  complète  expérimental  confirmation. 

Now,  in  the  cross  between  B.  bursa-pastoris  and  B.  heegeri  it  is 
important  to  note  that  B.  heegeri  has  a  rosette  possessing  the  two 
dominant  characteristics  of  B.  bp.  heteris,  though  the  primary  lobe, 
A,  is  usually  wider  and  more  blunt  than  the  best  developed  examples 
of  the  B.  bp.  heteris  type,  and  the  rounded  secondary,  B,  is  rendered 
less  prominent  because  of  the  lesser  depth  of  the  sinus  which  sets  it 
ofî  from  the  primary  lobe.  Reciprocal  crosses  were  made  between  B. 
heegeri  and  B.  bp.  simplcx.  The  Fj  hybrids  were  essentially  uniform, 
and  were  of  the  heteris  type,  though  somewhat  stunted  because  of 
unfavorable  conditions  in  the  propagating-house  during  tTie  period  of 
their  development.  Ail  had  the  flat,  triangular  capsules  of  Bursa 
bursa-pastoris.  In  Fj  there  appeared  the  four  forms  of  rosette  already 
described,  in  combination  with  each  type  of  capsule.  The  rosettes 
presented  many  instances  of  the  best  developed  examples  of  the  four 
described  forms,  particularly  interesting  being  the  fact  that  much 
better  developed  heteris  rosettes  occur  in  the  F2  than  are  seen  in  pure- 
bred  B.  heegeri,  though  thèse  heteris  characteristics  must  hâve  come 
directly  from  the  heegeri  side  of  the  cross.  The  numerical  results  of 
thèse  crosses  may  be  tabulated  thus  : 


Ped.  No. 
06196 
06197 
06212 


Total 
Expected 


Bursa  bp.  simplex  (abC)  X  Bursa  h.  heteris  (ABc) 

Ped.  No.  056.64  Ped.  No.  059. 

Bursa  bp.  heteris  (ABC) 

Ped.  No.  0564.88 
Ped.  No.  059.89 

Bursa-pastoris  séries  (C)  Heegeri  séries  (c) 

i        r^      I  .  .1        i        \        \       ^1 

heteris  rhomboidea  tenuis  simplex  heteris  rhomboidea  tenuis  simplex 


98 

1032 

317 


32 

302 

67 


36 
331 
102 


13 

78 
21 


1447 

1368 


401  :  469  :  112 
456  :  456  :  152 


45 
19 


2 

13 

4 


1 

13 

7 


69 
63 


19 
21 


21 
21 


C:c 
1,9.9:1 
24.2:1 
16.9:1 


21.9:1 
3.0:1 
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In  this  table  the  pedigree  numbers  0619G  and  06197  represent 
familles  in  which  the  bursa-pastoris  is  the  mother,  while  No.  06212  is 
the  reciprocal  cross.  It  will  be  seen  that  there  is  no  essential  différ- 
ence between  thèse  two  crosses.  In  the  rosette  characters  the  num- 
bers of  offspring  belonging  to  the  several  types  are  very  close  to  the 
Mendelian  ratios,  among  both  those  having  hursa-yastoris  capsules 
and  those  having  heegeri  capsules,  showing  by  thèse  facts  that  the 
heegcri  rosette  has  the  same  allelomorphic  composition  as  that  of 
biirsa-pa.storis,  and  that  thèse  rosette  characters  are  not  coupled  in 
any  but  a  chance  way  with  the  form  of  the  capsule.  This  indepen- 
dence  of  characters  is  thus  seen  to  be  a  matter  of  great  importance 
in  the  production  of  new  elementary  forms  ;  for,  before  this  cross  was 
made  there  existed,  so  far  as  is  known,  but  one  elementary  species 
of  B.  heegeri,  while  out  of  the  cross  came  four  elementary  species  of 
B.  heegeri. 

While  there  is  thus  seen  to  be  perfect  agreement  with  Mendelian 
ratios  in  rosette  characters,  the  capsules  gave  a  surprising  departure. 
The  capsule-form  is  perfectly  alternative;  there  never  appeared  in 
my  cultures  any  intermediate  condition.  As  the  bursa-pastoris  form 
is  dominant,  simple  Mendelian  expectation  would  require  the  ap- 
pearance  of  one  B.  heegeri  in  every  four  Fj  individuals,  providing 
this  capsule  différence  be  assumed  to  be  due  to  the  présence  or  ab- 
sence of  a  single  unit.  Out  of  2540  plants  of  the  F,  génération 
observed,  only  111  were  B.  heegeri,  or  approximately  one  in  twenty- 
three.  That  this  resuit  should  be  consistently  given  in  three  différ- 
ent pedigrees  representing  reciprocal  crosses  adds  greatly  to  the 
weight  that  is  to  be  attached  to  it.  The  greatest  frequency  in  any 
pedigree  was  one  in  nearly  18,  and  the  least  frequency  was  one  in 
25.  I  take  the  fact  that  the  reciprocal  crosses  gave  similar  ratios 
to  indicate  that  the  B.  heegeri  capsule  is  dépendent  upon  something 
carried  by  the  germ-cells  and  cannot  be  a  pathological  condition  trans- 
missible  from  mother  to  offspring  somatically,  a  possibility  that  might 
account  for  apparent  heritability  of  characters  in  a  self-fertilized 
line,  but  could  not  well  account  for  equal  results  in  reciprocal  crosses. 
Normal  Mendelian  phenomena  are  believed  to  rest  pretty  securely 
on  the  method  of  formation  of  the  chromosomes  during  the  réduction 
division,  but  no  scheme  of  behavior  occurs  to  me  which  would  resuit 
in  the  distribution  of  the  heegeri  déterminer  to  but  one  cell  in  20. 

It  is  clear  that  in  this  case  the  capacity  of  B.  heegeri  to  maintain 
itself  in  compétition  with  its  parent  would  be  very  slight  were  it  not 
for  the  fact  that  cross-fertilization  in  Bursa  is  relatively  infrequent. 

Briefly  summarized  my  conclusions  are  : 

(1)  Bursa  heegeri  has  the  same  ]\Iendelian  units  in  its  leaves  as 
occur  in  B.  bursa-pastoris,  which  serves  further  to  confirm  its  déri- 
vation from  that  form. 

(2)  The  Crossing  of  B.  heegeri  with  B.  bursa-pastoris  gives  rise  to 
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a  séries  of  elementary  species  in  the  former  corresponding  with  those 
in  the  latter  species. 

(3)  The  leaf  characters  are  inherited  in  strict  Mendehan  ratios, 
but  thë  capsule  shows  a  very  great  departure.  The  bursa-pastoris 
capsule  dominâtes  the  Fj  génération,  but  the  heegeri  capsule  appears 
in  the  Fj  génération,  in  only  1  in  18  to  25  individuals. 

(4)  Under  thèse  circumstances  the  capacity  of  B.  heegeri  for  self- 
maintenance  in  compétition  with  B.  hursa-pastoris  rests  upon  the 
comparative  infrequency  of  cross-fertilization. 

My  sincère  thanks  are  hereby  tendered  to  Dr.  E.  N.  Transeau  in 
whose  charge  thèse  cultures  were  left  during  my  absence  in  Cali- 
fornia.  A  large  part  of  the  work  of  grouping  the  Fg  into  the  proper 
classes  was  done  by  him. 


I 


HEREDITY    OF   COLOR   PATTERN   IN   COCCINELLID 

BEETLES 

(Abstract) 
ROSWELL   II.   JOHNSON 

The  relaxation  of  natural  sélection  shown  to  hâve  taken  place 
in  référence  to  the  color  pattern  permits  the  establishment  of  new 
varieties  or  species  where  conditions  are  such  as  to  cause  the  ap- 
pearance  of  many  mutations  of  one  kind  or  of  indivicluals  with  gerra 
plasm  slightly  altered  in  one  direction.  The  gênerai  occurrence 
of  spotted  elytra  throughout  the  family  makes  it  probable  that 
thèse  spots  must  hâve  been  of  decided  advantage  at  one  time,  doubt- 
less  as  a  mark  by  which  the  enemies  of  thèse  beetles  would  associate 
its  distasteful  sécrétion.  The  cause  of  the  relaxation  may  be  a 
greater  perfection  of  the  ground  color,  or  a  great  extension  of  the 
numlier  of  species  of  aphids,  upon  which  they  feed. 

Orthogenesis  is  indicated  by  simîlar  patterns  arising  independ- 
ently  in  différent  phyletic  lincs  in  the  al)sence  of  natural  sélection. 
Yet  some  of  thèse  hâve  the  nature  of  unit  characters  and  are  in- 
herited  in  a  Mendelian  way.  Orthogenesis,  defined  as  an  excess 
of  inheritable  variation  in  one  direction,  and  mutation  are  not  there- 
fore  mutually  exclusive. 

The  frequency  with  which  spots  hâve  disappeared  is  sig- 
nificant  in  connection  with  the  large  number  of  abnormalities  of 
defect  found  in  domestic  animais  and  in  man,  where  similarly  the 
strictness  of  natural  sélection  is  restrained.  Poultry,  for  instance, 
show  us  individuals  or  strains  lacking  a  great  variety  of  structures, 
such  as  comb^  tail,  hooklets  on  the  barbules,  feathers  on  the  neck, 
etc.  And  in  man,  progressive  discontinuons  variations  aside  from 
mère  duplication  of  members  are  rare,  while  al)iiormalities  of  defect, 
especially  of  the  sensés,  are  commonplace.  Pearson's  réfutation  of 
Weismann's  position  that  degeneration  follows  panmixia  is  thcre- 
fore  incomplète.  It  seems  to  me  we  must  often  hâve  a  degeneration 
from  cessation  of  natural  sélection  on  account  of  the  dispropor- 
tionate  frequency  of  variations  or  mutations  of  defect. 

Ilippodamia  lecontei,  a  mountain  form,  remains  unchanged  in 
our  environment  and  is  thus  germinal,  while  H.  convergens,  sub- 
jected  to  moderate  cold  gives  us  the  same  "wing  pronotum."  We 
hâve  hère  then  a  small  item  to  add  to  the  formidable  mass  of  évidence 
which  now  exists  for  the  view  that  germ  and  soma  are  often  modified 
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by  the  environment  in  a  parallel  way,  I  hâve  référence  to  some  fea- 
tures  of  the  experiments  of  Standfuss  and  Pictet  on  Lepidoptera, 
but  especially  to  Tower's  notable  experiment  on  the  production  of 
Leptinotarsa  pallida.  This  parallel  modifiability  which  gives  us 
the  same  resuit  to  be  expected  from  the  inheritance  of  acquired  char- 
acters,  in  so  far  as  they  resuit  from  the  external  environment,  must 
be  more  seriously  reckoned  with  as  a  factor  in  évolution. 

Of  the  varions  pattern  peculiarities  I  am  breeding,  only  three 
are  acting  simply  enough  to  permit  a  report  sufficiently  definite  at 
this  stage  of  the  work.  Some  H.  quinque-signata  females  from 
nature  hâve  proved  heterozygotous,  giving  some  H.  lecontei  progeny, 
although  the  two  species  are  currently  recognized  as  distinct.  Pure 
quinque-signata  crossed  with  lecontei  give  Mendelian  results,  the 
dominance  of  quinque-signata  being  complète.  Similarly  some  H. 
extensa  from  nature  give  some  convergens  progeny.  Crosses  show, 
however,  that  the  dominance  of  extensa  is  incomplète.  The  spot- 
less  form  is  also  habitually  interbreeding  with  convergens,  but  hère 
the  heterozygotous  individuals  show  réduction  in  number  and  size  of 
spots,  yet  with  ségrégation  in  Fg. 


INHERITANCE   OF   ABNORMAL   WING-VENATION 
IN    DROSOPHILA 

FRANK  E.  LUTZ 

Droftophila  ampelophila  is  the  very  sniall  and  vcry  common  fniît 
fly.  In  the  normal  type  of  wing-venation  the  radius  is  apparcntly 
three-branched,  owing  to  division  2  being  fused  with  3,  and  4  with  5. 
There  are  normally  only  two  cross  veins. 

In  the  course  of  some  natural  sélection  experiments  I  noted  a 
number  of  Hies  which  showed  an  extra  vein  or  a  pièce  of  a  vein  in 
Cell  Rj.  Thèse  fiies  were  offspring  of  matings  Nos.  199,  205,  and 
207.     They  were  ail  grandchildren  of   No.  1S4  and  their  more  re- 
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mote  ancestors  had  been  closely  inbred.  I  hâve  since  found  the 
same  abnormality  in  two  wild  flies  out  of  300.  IMatings  were  made 
between  the  abnormal  flies  of  family  205  and  from  such  matings  I 
obtained  a  large  number  of  abnormal  offspring.  Thus  mating  No. 
226  gave  94  abnormal  flies  in  a  total  of  145.  The  abnormality  con- 
fined  itself  to  Cell  Rj,  but  showed  a  great  variation  in  forni  and  in- 
tensity.  Plate  I  shows  the  character  of  the  parents  and  26  offspring 
selected  at  random  from  among  the  abnormal.  In  subséquent 
générations,  however,  I  began  to  notice  spurs  from  the  posterior 
side  of  vein  R2+3,  and  dots  at  the  distal  end  of  Cell  Rs  near  vein 
in  R4+5.  And  in  the  sixth  génération  of  the  abnormal  strain  I 
found  a  fly  with  the  venation  shown  in  Figure  1.  This  was  the 
extrême  of  the  abnormality  until  last  week  when  in  a  strain 
lieing  l)red  with  the  express  purpose  of  trying  to  increase  the 
al)normality  I  found  a  well  developed  spur  on  the  média.  Here- 
tofore,  only  the  branches  of  the  radius  had  been  affected.  From 
a  study  of  about  seven  thousand  abnormal  wings  I  am  inclined  to 
believe  that  thèse  partial  veins  are  the  resuit  of  a  single  disturbing 
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Plate  I. 
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factor  wlîose  center  of  activity  is  the  antcrior  side  of  tlic  distal  end  of 
vein  R2+3. 

I  hâve  exainined  sections  of  thèse  al)norinahties  and  thcy  hâve 
the  appearance  of  true  veins  possessiiig,  wlien  well  devi'luped,  a 
lumen. 

lietiirning  to  Phite  I,  we  note  that  hihiteral  syniinetrv  is  {)raeti- 
cally  absent,  \otiee  a  definite  transverse  vein  on  one  side  and  jnst 
as  definite  a  k)ngitu(Hnal  on  the  other.  In  some  the  ahnornudity  is 
reduced  to  a  raere  dot  on  one  side  while  it  is  well  marked  on  the  other. 
In  many  it  is  entirely  lacking  on  one  side  while  présent  on  the  otiier. 
Is  it  lacking  in  thèse  cases  because  the  extrême  of  the  fluctuation  of 
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Table  I.  —  The  Intensity  of  Abnor.mality  in   Females. 


the  abnormality  is  normality?  Or,  was  there  a  differential  division 
of  the  allelomorphs  in  the  early  somatic  cell  divisions  as  well  as  in  the 
germ  cells  ?  The  latter  seems  more  probable  in  the  cases  of  asym- 
metrical eye  color,  as  for  instance  in  pigeons  and  cats  ;  but  the  former 
seems  more  reasonable  in  the  présent  case  because  of  the  manifest 
gradation  of  the  abnormality  down  to  the  limit  of  vision,  hence  pre- 
sumaljly  l)eyond  it.  However,  the  first  glance  was  in  error  about  the 
lack  of  bilatéral  symmetry.  This  is  shown  in  Tables  I  and  II  where 
the  character  of  the  offspring  with  respect  to  the  intensity  of  the  ab- 
normality of  twenty  abnormal  familles  is  shown  in  corrélation  tables. 
No  satisfactory  mathematical  expression  of  the  amount  of  corrélation 
between  the  two  wings  is  available,  but  the  numbers  underscored  show 
what  we  would  expect  if  a  right  and  a  left  wing  were  joined  in  random 
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fashion.  "WTierever  this  expectation  is  exceeded  I  hâve  put  brackets- 
The  cHnging  of  thèse  brackets  to  the  diagonal  indicates  a  tendency, 
in  spite  of  great  fluctuation,  toward  a  similarity  of  intensity  in  the 
abnormahty  on  the  two  sides. 

Thèse  tables  demonstrate  a  second  and  a  very  important  point. 
A  greater  percentage  of  the  females  are  abnormal  than  of  the  maies. 
Tables  III-V  show  that  this  is  a  gênerai  phenomenon.  In  only  a 
few  familles  is  there  a  greater  percentage  of  abnormals  among  the 
maies  than  among  the  females.  Family  No.  226,  of  which  I  hâve 
already  spoken,  is  typical,  Forty-six  per  cent  of  the  maies  were 
abnormal  and  80  per  cent  of  the  females. 
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Table  II. — The  Intensity  of  Abnormality  in  Mâles. 

Considering  the  fact  that  this  abnormality  together  with  normal- 
ity  forms  a  single  fluctuating  séries  and  that  the  same  fly  may  be 
normal  on  one  side,  abnormal  on  the  other,  ought  we  expect  it  to 
follow  the  Mendelian  iaws  ?  I  think  so.  In  the  color  pattern  of  the 
beetle,  Crioceris  asparagi,  we  hâve  both  thèse  diflSculties,  and  yet 
unpublished  work  ^  donc  with  this  beetle  demonstrates  that  it  Men- 
delizes  very  well. 

Concerning  the  inheritance  of  this  Drosophila  abnormality,  if  a 
wild  normal  be  mated  with  an  abnormal  the  offspring  are  nearly  ail 
normal,  as  shown  in  Table  III,  but  only  in  one  mating  were  they  al- 
together  so.  In  F,  (normal  X  normal)  the  majority  of  the  familles 
give  nearly  25  per  cent  abnormal,  but  some  are  practically  normal. 

^  See  Fifth  Year  Book  of  the  Carnegie  Institution,  p.  101. 
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When  the  abnormal  F^  are  mated  with  normal  Fj  the  results  are  even 
more  variable.  This  would  lead  us  to  say  that  normal  is  dominant 
over  abnormal  and  that  the  character  obeys,  in  thèse  matings,  the 
spirit  of  the  Mendelian  law  but  not  the  letter.  If  abnormal  is  réces- 
sive, abnormal  X  abnormal  should  give  100  per  cent  abnormal. 
Table  V  shows  the  results  of  a  number  of  such  matings.  In  Tables 
III  to  V  the  average  number  of  offspring  per  mating  is  90,  so  that  the 
percentages  should  be  fairly  accurate.     Ëach  dash  in  Tables  IV  and 
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Table  III. 

V  represents  one  mating,  and  its  position  shows  the  percentage  of  ab- 
normal individuals  among  the  maies  and  females,  respectively.  It  is 
very  évident  that  the  results  of  abnormal  X  abnormal  disregard  en- 
tirely  the  letter  of  the  simple  Mendelian  law  and  apparently  do  great 
violence  even  to  its  spirit. 

Of  course,  we  ought  to  introduce  some  modifying  clause  to  ac- 
count  for  the  sexual  dimorphism.  Wood,  working  with  horned  vs. 
hornless  sheep  used  the  idea  of  reversed  dominance.  That  does  not 
apply  hère.    Doncaster  invented  a  very  ingenious  but  somewhat  com- 
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plicated  hypothesis  that  cornes  fairly  close  to  representing  the  case  of 
Abraxas.  According  to  it  the  female  détermines  the  sex  and  in  the 
hybrid  females  the  female-producing  egg  carries  only  the  récessive 
color  allelomorph.  Then  récessive  maie  X  hybrid  female  shoiild  give 
100  per  cent  récessive  females  and  100  per  cent  dominant  maies. 
Thèse  Aies  do  not.      Besides  in  R  X  1^  on  tliis  hypothesis  there  should 
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Table  IV.  —  The  Offspring  of  Normal  x  Normal. 


be  no  sexual  dimorphism.  Hère  there  is.  I  hâve  formulated  and 
worked  ont  in  détail  eleven  différent  hypothèses  based  upon  the  idea 
that  in  addition  to  the  fundamental  one  or  two  allelomorphs  needed 
for  a  given  state  —  say  abnormality  —  there  is  one,  or  more,  other 
allelomorphs  needed  in  one  sex  —  say  maie  —  which  is  not  needed 
in  the  female.  Most  of  thèse  work  very  badly  and  none  well.  Ac- 
cording to  them  one  ought  to  be  able,  in  time,  to  so  segregate  the  alle- 
lomorphs that  we  get  a  strain  showing  complète  instead  of  partial 
sexual  dimorphism.    I  hâve  been  attempting  to  do  this.    Doncaster, 
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iii  tbe  case  of  tortoiso-shoU  cats,  fouiid  that  one  spx  showed  complète 
(lorninaiice,  the  othcr  incomplète,  prodiicing  the  tortoise-shell  pat- 
tern.  This  intrmluces  the  idea  of  the  varving  pot(>ncy  of  alleloniorphs. 
The  yellow-produeino;  alleloniorph  is  mon>  ])<)tent  in  one  sex  than  in 
the  other.  Taken  in  connection  with  what  follows  tins  may  1)C  the 
best  explanation  of  the  behavior  of  thèse  fiies.  If  it  is  true,  1  will 
never  be  able  to  get  complète  sexnal  dimorphism  and,  in  fact,  although 
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Table  V.  —  The  Offspring  of  Abnormal  x  Abnormal. 

I  hâve  already  reared  more  than  ten  thousand  pedigreed  offspring 
from  about  three  hiindred  matings  I  hâve  not,  as  yet,  had  any  indi- 
cation of  success. 

If  this  character  shows  a  tendency  to  follow  this  modification  of 
the  simple  law  the  question  as  to  why  \i  does  not  do  so  is  very  à  propo.?. 
The  fact  that  every  effort  was  made  to  keep  environmental  influences 
uniform  and  the  further  fact  that  différent  batches  of  eggsfrom  the 
same  mating  but  reared  in  différent  dishes  showed  practically  the 
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same  percentage  of  abnormality  convince  me  that  environmental 
influences  are  not  the  disturbing  factor.  Granting  that  normality  is 
the  extrême  of  fluctuating  abnormality  we  perhaps  hâve  a  partial 
explanation,  for  then  if  both  wings  were  so  slightly  abnormal  that  I 
could  not  detect  it  with  the  aid  of  a  lens  I  woiild  call  it  normal.  This 
condition,  however,  if  it  follows  the  usual  law  of  fluctuating  varia- 
bility  would  be  far  too  rare  to  help  us.  The  idea  of  the  contamina- 
tion of  the  gamètes  fails  also,  for  example,  in  the  matings  of  wild 
normal  with  abnormal.  Most  of  the  wild  normals  could  scarcely  be 
contaminated  with  abnormal  considering  the  rarity  of  the  abnormal- 
ity in  nature.  We  are  forced,  it  seems  to  me,  to  believe  that  the  alle- 
lomorph  making  for  abnormality  varies  in  its  potency  in  both  sexes, 
but,  due  to  différences  in  the  metabolisms  of  the  two  sexes,  tends  to 
be  more  effective  in  the  one  than  in  the  other.  Recall,  in  this  con- 
nection, the  black  feathers  in  the  female  offspring  of  white  chickens  X 
black.  While  in  Drosophila  abnormality  is  usually  récessive  it  is  not 
always  dominated;  in  some  familles  far  from  it.  And  while,  when 
pure  in  the  germ,  it  usually  succeeds  in  making  the  wing  abnormal 
it  often  fails,  sometimes  only  on  one  side,  sometimes  on  both.  The 
bilatéral  asymmetry  could  be  easily  understood  if  we  consider  that  in 
its  struggle  with  normality  the  abnormality-producing  factor  meets 
with  varying  success.  The  fact  that  wild  normal  X  wild  normal 
gives  only  normal  (thèse  matings  are  not  entered  in  Table  IV)  and 
that  certain  of  the  matings  (see  Table  IV)  between  two  normals 
having  abnormal  ancestors,  give  no  abnormal,  i.  e.,  they  are  pure 
dominants  and  there  is  no  abnormality-producing  allelomorph  to 
manifest  varying  potency  —  thèse  facts  also  are  in  favor  of  this  idea. 
Crioceris  seems  to  be  a  similar  case  but  not  so  extrême.  Fantail 
pigeon  X  straight-tail  may  be  another  case  but  more  extrême,  the 
fan-tail  allelomorph  being  relatively  so  weak  that  it  never  again  man- 
ifests  itself.  Dr.  Geo.  H.  Shull,  in  talking  this  thing  over,  suggested 
that  the  balancing  of  potencies  might  be  the  explanation  of  the  ap- 
parent failure  of  xenia  in  the  cross  between  flint  and  dent  corn.  In 
xenia  the  maie  nucleus  meets  an  endosperm  nucleus  made  up  of  two 
nuclei  from  the  female.  When  one  dent  allelomorph  meets  one  flint, 
as  in  the  fertilization  fusion,  it  is  dominant,  but  it  is  conceivable  that 
it  should  be  sp  slightly  so  that  when  it  meets  two  as  in  the  endosperm 
it  is  overpowered  and  only  the  character  of  the  mother  plant  shows  in 
the  endosperm.  The  cytologists  ought  to  tell  us  whether  or  not 
xenia  does  occur  in  this  cross. 

I  am  sorry  that  I  cannot  devise  any  test  to  absolutely  prove  the 
truthfulness  of  this  idea  but  it  appeals  to  me  very  strongly.  I  do  not 
believe  it  is,  in  reality,  a  step  backward,  as  some  may  feel,  to  recog- 
nize  a  varying  potency  of  allelomorphs  in  both  sexes  and  when  pure, 
any  more  than  it  was  when  it  was  proven  that  there  is  a  sexual  vari- 
ation in  potency.    By  sélection  it  may  be  possible  to  get  a  strain  in 
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which  the  abnormality-producing  allelomorph  is  always  strong 
enoLigh  to  overcome  normality.  I  tliink  I  now  hâve  such  a  strain 
but  as  it  is  only  three  générations  old  I  cannot  be  certain. 

In  conclusion,  this  abnormality  gives  évidence  of  obeying  the 
spirit  of  the  Mendehan  law  but  pays  little  attention  to  the  letter  of 
the  simple  law  or  any  of  the  modifying  clauses  I  hâve,  as  yet,  tried, 
except  the  idea  of  the  varying  potency  of  the  abnormality-producing 
factor  in  its  "struggle"  with  normality,  —  the  struggle  being  in  the 
soma,  not,  I  would  say,  in  the  germ. 


INFLUENCE    DU   PÈRE   DANS   L'HÉRÉDITÉ   DES 
CARACTÈRES  DU  PELAGE   CHEZ  LES  LAPINS 

GUSTAVE  LOISEL 

Nous  nous  sommes  proposé  ici  de  rechercher  d'abord  si  le  procré- 
ateur mâle  a  une  part  d'influence  particulière  dans  la  descendance  et 
ensuite,  de  déterminer  l'influence  cjue  ce  procréateur  peut  avoir  sur  le 
retour  des  caractères  mendeliens  dans  les  hybrides  *  de  deuxième  et 
troisième  génération. 

A.  Première  série  d'expériences. — Lapins  de  race  ordinaire 
gris  et  de  race  a)igora.  (a)  Lapine  de  race  ordinaire  grise  accouplée 
avec  un  lapin  angora  albinos.  Le  croisement  entre  une  lapine  de  race 
ordinaire  de  couleur  gris-blanc,  âgée  de  deux  ans,  et  un  lapin  angora 
albinos,  nous  a  donné,  en  3  portées,  26  petits  qui  ressemblaient  tous 
à  la  mère  par  la  couleur  grise  du  poil  et  les  yeux  noirs.  Ils  avaient 
du  père,  la  longueur  du  poil  cjui  devint  cependant  plus  ou  moins 
long  selon  les  individus;  lous  avaient,  aux  pattes,  les  brosses  à  longs 
poils  du  père. 

(6)  Lapine  angora  blanche  accouplée  avec  un  lapin  de  race  ordi- 
naire gris.  Le  croisement  entre  une  lapine  angora  blanche  et  un 
lapin  de  race  ordinaire  gris,  âgé  de  14  mois,  nous  a  donné,  en  3  portées, 
9  petits  qui  avaient  tous  le  pelage  gris  et  court  du  père. 

Cette  première  série  d'expérience  n'a  pu  être  continuée.  Celle 
qu'elle  se  présente,  elle  semblerait  montrer  que  la  dominance  de  la 
couleur  grise,  observée  ici,  est  due  à  la  race  et  non  au  sexe.  Pour  ce 
qui  concerne  la  longueur  du  poil,  au  contraire,  ce  dernier  caractère 
s'est  montre  dominant  seulement  quand  il  était  porté  par  le  père,  il 
s'est  montre  récessif  quand  il  a  été  transmis  par  la  mère. 

B.  Deuxième  série  d'expériences.  —  Lapins  de  race  ordinaire 
gris  et  lapins  de  race  russe. 

Nous  avons  repris  les  recherches  précédentes,  en  1904,  dans  des 
conditions  meilleures  qui  nous  permettent  de  continuer  encore  au- 
jourd'hui les  mêmes  expériences.  Le  nombre  des  portées,  obtenues 
jusqu'à  maintenant  nous  apporte  déjà  des  données  nouvelles  et  im- 
portantes sur  la  question. 

Nous  avons  choisi,  comme  grand-parents,  deux  individus  de  race 
pure:  un  mâle  {n°  1)  de  race  ordinaire,  de  pelage  entièrement  gris  avec 
une  étoile  frontale  blanche,  et  une  femelle  (n"  2)  de  race  russe,  c'est-à- 
dire  présentant  des  yeux  rouges  et  un  pelage  entièrement  blanc,  sauf 

'  Nous  employons  le  mot  hybride  dans  le  sens  général  qu'on  lui  donne  au- 
jourd'hui. 
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les  extrémités  du  museau  et  des  oreilles,  la  queue  et  les  pattes  qui 
sont  noires. 

Après  avoir  été  accouplés,  de  part  et  d'autre  avec  d'autres  indi- 
vidus de  leur  race  pour  vérifier  la  pureté  de  leurs  caractères,  ces  deux 
grand-parents  ont  été  accouplés  ensemble  et  nous  ont  donné,  le  15 
décembre  1904,  neuf  petits  hybrides  (première  génération).  Tous 
étaient  de  la  race  du  père,  mais  leur  sexe  et  la  couleur  de  leur  pelage 
se  décomposait  ainsi  : 

3  femelles  grises  avec  étoile  frontale  (F.g.  3,  6  et  8)  ; 

3  mâles  noirs  avec  étoile  frontale  (M.n.  4,  5  et  7); 

3  mtdes  gris  avec  étoile  frontale  (M.g.  9,  10  et  11). 
Nous  devons  tout  d'abord  faire  remarquer  la  présence  de  ces  lape- 
reaux noirs  provenant  d'une  mélange  de  gris  (père)  et  de  blanc  (mère). 
C'est  là  un  résultat  que  nous  avons  obtenu  plusieurs  fois  déjà  en 
accouplant  des  lapins  sauvages  et  des  lapins  albinos  ordinaires  d'une 
part  et  de  lapins  sauvages  et  des  albinos  angora  d'autre  part;  tou- 
jours, dans  une  ou  plusieurs  portées  obtenues  dans  ces  conditions, 
nous  obtenions  un  ou  plusieurs  petits  à  pelage  noir. 

Les  mâles  gris  9  et  11  de  notre  expérience  actuelle  meurent;  les 
autres  deviennent  adultes.  J'accouple  alors  les  trois  femelles  grises 
chacune  avec  un  des  trois  mâles  noirs  correspondants,  puis  après  avoir 
obtenu  un  certain  nombre  de  reproductions  avec  ces  procréateurs,  je 
remplace  alternativement  un  des  mâles  noirs  par  le  mâle  gris  n°  10 
et  vice-versa.  Voici  alors  le  détail  des  portées  d'hybrides  de  deuxième 
génération  que  j'obtiens  dans  ces  conditions  diverses. 


Date  des 
Portées 

Hybrides  de  2'*  Génération 

Désigna- 
tion des 
Mâles 

Noirs 

Gris 

Blancs  (Russes) 

Mâles 

Femelles 

Mâles 

Femelles 

Mâles 

Femelles 

A  -^  Descendance  de  la  femelle  grise,  N"  S 


Noir  7 

24  juin  1905 

3 

1 

2 

2 

29  août     " 

2 

2 

1 

1 

2 

23  déc.      " 

3 

1 

2 

24  janv. 1906 

4 

2 

24  févr.     " 

1 

1 

2 

3 

1 

1 

27  mars     " 

1 

3 

3 

2 

27  avril     " 

2 

2 

1 

1 

1 

" 

29  mai       " 

2 

1 

1 

1 

Gris  10 

8  août     " 

2 

1 

1 

" 

23  sept.     " 

2 

3 

1 

Noir  7 

5  déc.      " 

3 

1 

1 

1 

Gris  10 

25  mars  1907 

1 

3 

1 

2 

Noir  7 

18  juin      " 

1 

1 

1 
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B  —  Descendance  de  la  femelle  grise,  N°  6 


Noir  5 

11  juin  1905 

2 

1 

2 

1 

1 

1 

" 

17  juil.      " 

3 

1 

3 

1 

1 

" 

29  août    " 

2 

2 

1 

<( 

2  déc.     " 

1 

2  nos 

1  (110) 

2nii 

^]  112 

1  (113) 

Gris  10 

13  mars  1906 

4 

3 

3 

" 

30  mai       " 

1 

3 

3 

1 

11 

31  août     " 

3 

3 

1 

Noir  5 

2  oct.       " 

2 

3 

2 

1 

1 

2 

Gris  10 

10  déc.       " 

3 

4 

1 

Noir  5 

25  mars  1907 

2 

1 

1 

2 

2 

Gris  10 

2  juillet  " 

1 

5 

2 

1 

C  —  Descendance  de  la  femelle  grise,  N°  3 


Noir  4 

13  juin  1905 

2 

1 

2 

2 

1 

" 

3  déc.      " 

2 

1 

2 

1 

2 

1 

11 

8  mars  1906 

1 

2 

1 

1 

2 

11 

9  avril     " 

1 

1 

1 

1 

3 

1 

(1 

12  mai 

2 

1 

" 

12  juin      " 

1 

4 

1 

" 

23  juin      " 

1 

1 

1 

2 

" 

30  nov.      " 

4 

1 

1 

3 

1  (213) 

Gris  10 

6  juin      " 

1 

1 

Il  faut  attendre  la  fin  de  ces  expériences  que  nous  comptons  pour- 
suivre jusqu'à  la  mort  naturelle  des  procréateurs  hybrides  de  pre- 
mière génération,  pour  essayer  d'interpréter  les  chiffres  ci-dessus, 
li'on  doit  remarquer  pourtant,  dans  la  descendance  B,  le  changement 
brusque  qui  se  produit,  à  partir  du  13  mars,  dans  la  proportion 
plus  grande  des  enfants  porteurs  du  caractère  régressif  russe.  Ce 
phénomène  est-il  dû  à  l'influence  du  nouveau  mâle,  à  une  légère 
blessure  et  à  un  surmenage  passager  que  la  femelle  n°  6  avait  eu  à 
subir  précisément  au  commencement  du  mois  précédent,  ou  à  toute 
autre  cause  ?     C'est  ce  que  nous  verrons  peut-être  par  la  suite. 

Si  nous  résumons  maintenant,  par  des  chiffres  globaux,  les  données 
des  expériences  précédentes,  nous  voyons  que  : 

Le  mille  noir,  n°  7,  a  donné  avec  la  femelle  grise,  n"  6,  en  dix 
portées,  67  petits  (35  5  et  32  9).    Cette  descendance  compend: 


31  petits  de  couleur  noire 
22  "  "  "  grise 
14       "       "         "         blanche 


17   è   et  14   9 

10   Ô   et  12   9 

S    Ô   et     G   9 


Le  mâle  noir,  n°  5,  a  donné,  avec  la  femelle  grise,  n°  6,  en  six 
portées,  48  petits  (27  6  et  21   9).    Cette  descendance  compend: 

20  petits  de  couleur  noire 
19       "       "         "         grise 
9       "       "         "         blanche 


12 

6   et 

8 

9 

11 

Ô   et 

8 

9 

4 

Ô   et 

5 

9 
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Le  mâle  noir,  n"  4,  a  donné  avec  la  femelle  o;rise,  n°  3,  en  neuf 
portées,  ôG  enfants  (27  6  et  29  9)-     Cette  descendance  conipend: 

20  petits  de  couleur  noire         :   1 1    6    et     !)    9 
23        "       "  "  <,m.se  :     \)    6    et   14    9 

13       "       "         "         blanche    :     7    î    et     (J    9 

Ces  trois  mâles  noirs  ont  donc  produit,  dans  leur  ensemble: 

71   petits  noirs  :  40    6   et        31    9 

()4       "      gvis  :  30   5   et        34   9 

3()       "      blancs  (russes)    :  19    6   et        17   9 

soit    171   petits  en  89  mâles  et  82  femelles. 

Nous  voyons  donc  qu'ici  la  proportion  d'enfants  porteurs  du  carac- 
tère récessif  de  la  grand-mère,  c'est  à  dire  les  petits  au  pelage  de  la 
race  russe,  est  le  cincjuième  du  nombre  total.  Nous  avons  remarcjué, 
en  outre,  que  chez  ces  hybrides  porteurs  du  caractère  récessif,  surtout 
ceux  du  mâle  n*'  5,  le  caractère  russe  n'était  pas  pur;  tous  avaient 
bien  les  yeux  rouges,  le  fond  blanc  du  pelage  et  les  tache  noires  carac- 
téristiques des  lapins  russes,  mais  l'extrême  pointe  des  poils  du  dos  et 
de  la  tête  étaient  gris.  (Cette  coloration  particulière  a  toujours  dis- 
paru jusqu'ici  dès  que  nos  lapins  arrivaient  à  l'âge  adulte;  ils  présen- 
taient alors  le  type  russe  pur.) 

Si  nous  envisageons  maintenant  la  descendance  du  mâle  gris  n" 
10,  frère  des  précédents,  nous  voyons  qu'il  n'a  jamais  donné  jusqu'ici, 
avec  les  trois  femelles  grises,  que  des  enfants  ordinaires  de  couleur 
grise  ou  de  race  russe;  sa  descendance  n'a  jamais  montré  d'enfants 
noirs. 

En  9  portées,  ce  mâle  gris  a  produit  62  petits  (28  Ô  et  34  9  )•  Cette 
descendance  comprend  : 

0  petits  de  couleur  noire 
42       "       "         "         grise  :  19   5   et  23   9 

20       "       "         "         blanche  (russe)     :     9   6   et  11    9 

Nous  voyons  qu'ici  la  proportion,  dans  la  descendance,  d'enfants 
porteurs  du  caractère  récessif  russe,  est  beaucouj)  ])lus  grande  qu'avec 
les  mâles  noirs;  elle  est  le  tiers  du  nombre  total  alors  (jue,  dans  les  cas 
précédents,  elle  en  représentait  seulement  le  cinquième.  De  plus  ces 
hybrides  portem's  du  caractère  récessif  ont  toujours  présenté  le  type 
russe  dans  toute  sa  pureté. 

En  somme  cette  seconde  série  d'expériences  fjui  a  porté  jusqu'ici 
sur  un  ensemble  de  241  individus,  semble  bien  montres  cjue  le  pro- 
créateur mâle,  non  seulement  détermine,  pour  sa  part,  les  caractères 
d'une  partie  de  la  descendance,  mais  encore  qu'il  modifie,  dans  une 
mesure  qui  paraît  pouvoir  être  précisée,  la  transmission  héréditaire 
des  caractères  récessifs  des  grands-parents. 
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Section  Y.    EMBEYOLOGY  AND  EX- 
PEEIMENTAL   ZOOLOGY 


THE   FŒTAL   MEMBRANES    OF  THE   VERTEBRATES 

(Address) 
A.  A.  W.  HUBRECHT 

Ladies  and  gentlemen  :  I  was  honored  by  the  request  of  the 
Executive  Committee  to  présent  an  address  to  the  first  meeting  of 
this  section  of  the  Seventh  International  Zoological  Congress. 

I  hâve  great  pleasure  in  folio wing  this  invitation,  and  I  hope  that 
in  choosing  for  my  subject  the  présent  state  of  our  knowledge  con- 
cerning  the  fœtal  membranes  of  vertebrates  I  can  avoid  the  disadvan- 
tages  of  too  much  spécial  détail,  and  can  at  the  same  time  call  your 
attention  to  the  fact  that  thèse  fœtal  membranes  ofîer  a  very  wide 
field  for  theoretical  spéculation,  that  may  in  its  turn  influence  our 
views  concerning  certain  important  phylogenetic  problems. 

The  fœtal  membranes  of  vertebrates  are  known  to  occur  in  reptiles, 
birds  and  mammals.  The  embryological  handbooks  tell  us  that  they 
are  absent  in  amphibians  and  fishes. 

In  conséquence,  a  primary  subdivision  of  the  vertebrates  has  been 
instituted,  those  with  fœtal  membranes  being  classed  as  Amniota 
allantoidea,  those  without  them  as  Anamnia  anallantoidea.  From 
this  nomenclature  any  close  observer,  even  when  he  is  not  a  zoologist, 
may  safely  conclude  that  one  of  the  fœtal  membranes  carries  the  name 
of  amnion,  the  other  the  name  of  allantois.  An  older,  now  more 
obsolète,  subdivision  into  Achoria  and  Choriata  reveals  the  présence 
of  a  third  membrane,  the  chorion,  about  which  we  will  hâve  more  to 
say  hereafter,  and  which  will  explain  how  this  third  membrane  came 
to  fall  —  so  to  say  —  between  two  stools,  when  the  division  into 
Amniota  and  Anamnia  was  established. 

If  we  now  take  into  account  that  neither  chorion  nor  amnion  nor 
allantois  was  ever  detected  in  fishes  or  in  amphibians,  then  we  must 
recognize  that  the  problem,  how  thèse  fœtal  membranes  of  the  verte- 
brates did  arise,  is  one  well  worthy  of  full  considération. 

Up  to  now  attempts  to  explain  their  graduai  évolution  hâve  utterly 
failed.     So,  for  example,  the  suggestion  of  van  Beneden  and  others 
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that  the  amnion  as  a  protective  membrane  arose  in  conséquence  of 
the  early  embryo  sinking  into  the  yolk  sac,  which  closed  up  above  it, 
bas  long  since  been  abandoned.  Also  Haeckel's  idea  that  the 
allantois  arose  by  a  precocious  ségrégation  of  the  urinary  bladder 
of  an  early  amphibian  which  took  the  habit  of  carrying  blood- 
vessels,  at  a  very  early  stage,  to  the  outer  wall  of  the  blastocyst, 
must  be  dropped  by  ail  who  object  to  prédestination  in  evo- 
lutionary  processes.  Whenever  an  explanation  ofîers  itself  which 
does  afford  a  due  to  a  more  logical  séquence  of  events,  it  should  be 
preferred. 

And  turning  finally  to  the  outer  layer,  the  chorion,  who  can  be 
satisfied  with  the  lame  explanation  that  the  appearance  of  this  mem- 
brane is  a  necessary  sequel  to  the  formation  of  the  amnion,  which  we 
tind  inside  of  it,  and  which  later,  in  so  many  orders  of  mammals, 
never  even  arises  by  folds,  which,  however,  in  their  turn  are  necessary 
to  explain  the  chorion's  appearance  ? 

The  subsidiary  explanation  of  ail  the  three  embryonic  envelopes, 
which  I  am  going  to  offer  you  on  this  occasion,  seems  to  me  to  hâve  the 
great  advantage  of  simplifying  matters  ;  especially  in  this  sensé,  that 
henceforth  we  can  link  them  ail  three  to  one  simpler  and  earlier  stage 
(which  must  hâve  preceded  in  the  Carboniferous  and  in  earlier  geolo- 
gical  epochs)  without  having  to  look  for  incipient  stages  of  any  of 
them  among  our  présent  ichthyopsids.  Nay,  we  may  even  say  that  of 
this  earlier,  archaic  starting-point  évident  traces  hâve  been  preserved 
in  the  teleostomes,  the  dipnoi  and  the  amphibians,  so  that  we  will 
hâve  to  reconsider,  most  seriously,  whether  it  will  be  wise  to  go  on 
subdividing  the  vertebrates  into  the  two  subdivisions  of  those  that 
hâve  and  those  that  hâve  not  the  fœtal  envelopes  above  mentioned. 

Now  let  us  consider  the  facts  as  they  présent  themselves  to  us, 
when  we  want  to  test  the  question  whether  one  single  original  fœtal 
envelope  could  not  after  ail  be  at  the  bottom  of  the  three  complicated 
involucra  we  hâve  just  mentioned.  As  far  as  I  can  see,  we  are  only  in 
need  of  this  one  assumption  that  an  invertebrate  ancestor  was  pos- 
sessed  of  what  we  call  an  exterior  larval  layer  (such  as  are  not  uncom- 
mon  among  différent  worms,  and  as  we  find  them,  with  certain  further 
complications,  in  some  arthropods),  to  be  able  to  explain  how  in  their 
vertebrate  descendants  chorion,  amnion  and  allantois  gradually  came 
into  being. 

Part  of  this  hypothetical  assumption  we  see  actually  repeated  under 
our  eyes  wherever  one  of  the  mammals  goes  through  its  normal  stages 
of  development. 

We  find  that  the  cell-material  out  of  which  the  embryo  is  going  to 
be  built  up  is  surrounded  by  an  expanded  cell-layer  which  takes  no 
part  whatever  in  the  composition  of  the  future  embryo.  Hère  we 
actually  hâve  our  single  larval  layer  that  will  be  stripped  off  later,  and 
that  surrounds  what  are  going  to  be  the  formative  cells. 

In  ail  mammals  it  is  this  very  larval  layer  which  will  become 
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the  outer  wall  of  the  blastocyst,  what  we  hâve  above  called  the 
chorion. 

But  before  following  it  in  its  further  transformations,  we  hâve  to 
ask  ourselves,  what  can  be  the  reason  that  this  outer  larval  layer,  this 
trophoblast,  is  so  far  away  from  the  formative  eells  of  the  embryo 
which  adhère  to  it  only  at  one  point? 

We  hâve  only  to  recall  the  fact  of  the  pihdium  larva,  in  which 
similarly  the  distance  between  the  outer  layer  and  the  cell-material 
which  is  going  to  be  the  new  worm  is  also  very  considérable,  to  remove 
the  objection  that  in  this  respect  mammals  would  stand  isolated.  And 
we  may  go  one  step  further  and  say  that  it  is  easy  to  understand  why 
this  considérable  extension  of  the  outer  larval  layer  has  corne  into 
existence.  When  we  look  back  along  the  line  of  phylogenetic  descent 
we  can  imagine  that  at  the  period  when  for  the  first  time  aquatic 
animais  became  inhabitants  of  the  land,  four-footed  instead  of  four- 
finned,  and  adapted  for  aërial  breathing  in  addition  to  their  respira- 
tion by  the  aid  of  gills,  it  may  hâve  been  a  great  advantage  to  them  to 
become  viviparous  at  the  same  time,  i.  e.  to  keep  their  developing  eggs 
inside  of  them,  where  they  are  better  protected  and  can  be  better 
nourished  than  outside  of  the  mother.  The  atmosphère  and  the  dry 
land  ofîer  less  favorable  conditions  for  the  development  of  that  small 
amount  of  protoplasm  that  forms  the  primordium  of  each  new  being 
than  does  the  water,  and  so  viviparity  is  likely  to  hâve  been  a  parallel 
phenomenon  to  the  exchange  of  the  aquatic  for  the  terrestrial 
existence. 

We  can  see  clearly  that  once  an  embryonic  envelope,  one  cell- 
layer  thick,  being  présent  (on  our  original  assumption,  as  far  back  as 
the  invertebrate  ancestor),  that  this  one  layered  larval  envelope  could 
obtain  high  efficiency  for  the  incipient  viviparity  if  only  it  bulged  out 
as  much  as  possible,  thereby: 

(1)  Preventing  the  egg  from  passing  through  the  génital  ducts 
rapidly  and  being  deposited,  so  to  say,  accidentally. 

(2)  Enabling  the  egg  to  adhère  in  varions  ways  to  the  maternai 
tissues,  either  as  a  simple  mechanical  improvement  of  what  was 
attained  (1),  or  at  the  same  time  inducing  phagocytotic  attacks  on  that 
maternai  tissue. 

(3)  Creating  the  occasion  for  individual  trophoblast  cells  of  this 
outer  layer  to  absorb  fluids  either  from  the  utérine  cavity  or  accessory 
to  the  phagocytic  processes  alluded  to  under  (2),  and  thus  accumula t- 
ing  nutritive  material  inside  the  blastocyst. 

Furthermore,  it  is  equally  clear  that,  once  the  viviparity  ha ving  been 
established,  and  the  surface  extension  of  the  trophoblast  going  parallel 
with  it,  a  yet  more  efficient  mode  of  nutrition  than  the  one  alluded  to 
above  under  (3)  might  be  obtained  if  the  embryonic  vascular  System, 
which  was  slowly  coming  into  existence  on  the  hereditary  plan  of 
development,  succeeded  in  spreading  out,  in  one  way  or  another,  on 
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this  outer  trophoblastic  laver,  and  would  enter  into  osmotic  interchange 
with  maternai  blood. 

Finally,  the  protection  of  the  embryonic  shield  during  its  fiirther 
development  l)y  soine  sort  of  appliance  resenibling  a  water  c-ushion 
would,  in  thèse  incipient  viviparous  animais,  undoubtedly  hâve  been 
a  most  efficient  variation,  for  the  earliest  origin  of  which  \ve  hâve  simply 
to  go  back  to  the  early  stage  in  which  we  noticed  the  formative  cells 
of  the  embryo  adhering  to  the  larval  laver,  the  trophol)last,  in  one 
spot  only.  Suppose  that  in  further  development  this  sessile  attach- 
ment  to  hâve  become  converted  into  a  circular  adhésion,  —  by  fîuid 
accumulating  between  the  trophoblast  cells  and  the  formative  cells, 
as  we  see  it  happen  under  our  eyes  in  Erinacens  and  Gymnura,  —  we 
then  fînd  that  the  water-cushion,  in  casu  the  amnion,  took  its  origin  in 
a  most  simple  fashion,  whereas  the  chorion  is  in  no  way  dépendent  on 
it,  but  lias  preceded  it  as  an  earlier  formation. 

The  rapid  summary  hère  given  shows  us  that  the  assumption  of  a 
single  monodermic  larval  layer  is  quite  far-reaching  enough  to  allow 
us  to  understand  how,  out  of  it,  chorion,  amnion  and  allantois  (the 
latter  as  representing  one  form  of  early  vascularisation  of  the  tropho- 
blast) hâve  gradually  come  about. 

The  only  change  we  hâve  to  make,  in  what  I  might  designate  the 
présent  "fashion"  in  comparative  embr^ology,  is  that  we  look  upon 
the  earliest  ancestors  of  mammals  not  as  oviparous,  yolk-laden  verte- 
brates,  but  that  we  acknowledge  them  to  hâve  been  viviparous  animais 
with  blastocysts  that  obtained  vesicular  shape  from  quite  other  motives 
than  an  eventual  "loss  of  yolk,"  such  as  Rabl  lias  attempted  to  prove. 

Hère,  then,  is  the  place  for  an  appeal  to  palwontologists.  Tliey  hâve 
no  shadow  of  direct  interest  in  fœtal  envelopes  which  are  never  met 
with  in  the  fossil  condition  !  But  tliey  may,  nevertheless,  be  ail  the 
more  impartial  judges  when  we  hâve  to  choose  between  two  différent 
assumptions.  The  one  given  in  the  handbooks,  according  to  which 
mammals  niust,  through  the  Ornithodelphia,  be  derived  from  some 
oviparous  sauropsidian  ancestor,  or  the  one  hère  advocated,  according 
to  which  a  viviparous  Protetrapod,  provided  with  an  adhesive  and 
distending  larval  laver  diverged  into  varions  directions,  some  of  the 
descendants  utilizing  the  conditions  of  growth  and  development  (such 
as  they  fînd  them)  with  the  highest  degree  of  intensity  and  becoming 
primates,  others  applying  their  trophoblast  to  nutritive  purposes  in 
more  diverse  and  less  direct  ways  becoming  the  ancestors  of  most  of 
our  other  ^Nlonodelphia  and  Didelphia.  Others,  again,  going  a  certain 
distance  with  the  preceding,  but  then  ac(juiring  yolk-laden  eggs 
(Ornithodelphia),  whilst  yet  other  very  effective  branchings  ofï  in 
varions  directions  gave  rise  to  the  primitive  sauropsidian  ancestors. 

The  différence  between  the  sauropsidian  and  the  amphibian  de- 
scendants of  the  protetrapods  need  no  longer  be  so  incisive  —  as  those 
Zoologists  that  divide  the  Vertebrates  into  Amniota  and  Anamnia 
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would  make  it.  The  hypothesis  hère  brought  forward  proposes  to 
look  upon  what  we  know  as  the  Deckschicht  oî  the  early  larval 
Amphibia  and  Dipnoi,  and  even  of  the  teleostomes,  as  a  last  remnant 
of  the  very  larval  layer  from  which  we  started  in  trying  to  explain  the 
fœtal  membranes  of  vertebrates  according  to  what  seems  to  me  a 
simple  plan. 

We  hâve  now  to  look  a  little  doser  into  certain  détails  by  which  we 
may  be  enabled  to  judge  of  the  greater  or  smaller  degree  of  tenability 
of  some  of  the  views  hère  brought  forward. 

\\  e  notice  that  ail  the  Mammalia-monodelphia,  that  hâve  up  to  now 
been  observed  in  very  early  stages,  fully  confirm  the  strong  antithesis 
which  in  those  early  stages  prevails  between  the  trophoblast  and  the 
embryonic  cells  stridinri  sensu.  We  also  notice  this  in  the  Didelphia, 
as  far  at  least  as  Selenka's  figures  for  the  opossum  go,  although  he  him- 
self  has  not  interpreted  the  facts  he  brought  to  light  in  the  same  way 
as  I  do.  Similarly  Wilson  and  Hill  in  their  latest  paper  on  the  develop- 
ment  of  the  duck-bill  give  us  figures  of  sections  which  make  it  probable 
that  the  distinction  between  trophoblast  and  formative  cells  holds 
good  hère,  even  though  the  development  of  yolk  has  obliterated  the 
sharp  outlines  of  the  process. 

Again,  in  reptiles  and  birds  traces  of  the  larval  layer  hâve,  in 
later  years,  been  unmistakably  noticed.  Schauinsland,  Mitsukuri 
and  Mehnert  were  among  the  foremost  to  contribute  facts  in  this 
direction,  although  at  the  same  time  they  failed  to  see  the  essential 
points  of  comparison  with  the  mammals.  This  failing  on  their  part  is 
ail  the  more  explicable  as  the  birds-egg,  which  has  always  served  as  the 
prototype  even  of  mammalian  development,  does  not  clearly  bring  out 
the  fundamental  distinction  that  exists  between  trophoblast  and  forma- 
tive matter  of  the  embryo. 

The  graduai  oblitération  of  this  distinction  may  perhaps  be  ascribed 
to  the  fact  that  in  thèse  sauropsids,  as  in  the  ornithodelphia,  a  shell 
has  developed  which  naturally  tends  to  relegate  any  outer  larval  layer 
to  the  pension-list. 

Concerning  the  yolk  accumulation  in  the  sauropsidian  egg,  there 
is  no  trouble  at  ail  to  suppose  that  the  vesicular  blastocyst  of  an  early 
viviparous  ancestor  has  gradually  become  yolk-laden.  The  contrary 
assumption,  found  in  the  handbooks,  that  the  mammalian  egg,  while 
totally  losing  its  yolk,  has  yet  preserved  the  identical  developmental 
features  as  the  sauropsid,  is  in  reality  much  more  difficult  to  recon- 
cile with  Sound  evolutionary  principles. 

We  hâve  seen  that  a  simple  due  to  our  understanding  of  the  com- 
plicated  fœtal  envelopes  of  the  sauropsids  and  the  mammalia  is  the 
assumption  of  a  simple  larval  layer,  one  cell  tliick,  among  the  inverte- 
brate  ancestors. 

We  must  be  ready  to  admit  that  this  one  factor  has  undoubtedly 


THE   FŒTAL  MEMBRANES  OF  THE   VERTEBRATES    431 

given  rise  to  an  endless  niimber  of  variations  and  modifications  in 
those  innumerable  families,  gênera  and  species  which  hâve  come  and 
hâve  gone,  ever  since  the  time  when  viviparity  and  terrestrial  Hfe  be- 
came  an  estabUshed  fact  in  the  vertebrate  kingdom.  What  is  pre- 
served  to  us  in  the  récent  fauna  inhabiting  this  planet  is  only  the 
faintest  écho  of  the  multitudinous  and  protean  changes  that  hâve,  dur- 
ing  the  course  of  time,  succeeded  one  another.  And  it  has  been  our 
mistake  to  attempt  to  coordinate  the  présent  stages  of  development 
with  each  other  in  such  a  sensé  that  they  were  expected  to  represent, 
in  hneary  arrangement,  the  successive  evolutionary  stages  of  those 
fœtal  envelopes. 

How  false  the  conclusions  may  be  to  which  this  method  may  lead 
us  is  best  exemplified  by  what  is  at  présent  often  taught  concerning, 
e.  g.,  placenta tion,  a  phenomenon  in  which  the  outer  larval  laver,  the 
trophoblast,  plays  such  a  prorainent  part.  You  will  find  in  the  text- 
books  that  this  was  started  by  what  is  called  the  diffuse  placentation 
as  it  is  at  présent  met  with  in  many  ungulates,  in  the  lemurs  and  in 
certain  Edentates.  It  is  my  conviction  that  this  doctrine  is  utterly 
false.  The  diffuse  placentation  is  no  placentation  at  ail  !  The  horse 
and  the  lemur  are,  by  birthright,  aplacental  animais,  much  more  so 
than  marsupials,  such  as  Perameles  and  Dasj^nrus,  which  hâve  hitherto 
ranked  araong  the  Mammalia  aplacentalia.  And  still,  by  careful 
comparison  of  various  data,  we  can  soon  discover  that  the  diffuse 
placentation,  and  that  variety  of  it  which  is  styled  the  polycotyledonary, 
far  from  being  archaic  or  primitive  is,  on  the  contrary,  very  largely  a 
secondary  modification.  Among  the  living  Carnivora  we  find  several 
intermediate  stages,  not  in  the  sensé  that  thèse  hâve  been  phylogenetic 
transitions,  but  in  that  wider  sensé  that  thèse  Carnivora  demonstrate 
the  possibility,  how  more  intricate  placentary  structures  may  finally 
hâve  led  up  to  a  diffuse  placentation,  as  that  of  the  horse  and  the  pig, 
conséquent  upon  an  increase  in  the  area  of  surface  contact  between 
mother  and  fœtus.  What  was  originally  a  small  surface  of  intense 
interchange  (Procavia)  has  then  gradually  become  an  extended  sur- 
face along  which  two  epithelial  layers,  one  maternai  and  one  fœtal, 
between  the  blood  of  the  mother  and  the  blood  of  the  embryo, 
oflfered  no  impediment  for  a  sufRcient  interchange  of  nutritive  matter 
and  of  oxygen. 

If  we  do  not  accept  the  starting-point  in  the  placentation-process 
to  be  represented  in  the  ungulate  arrangement,  a  proposai  which  the 
systematic  position  of  the  Ungulata  would  in  itself  render  doubtful, 
we  must  then  look  for  another  phylogenetic  séquence  which  will  help 
us  to  rightly  interpret  that  momentous  process  of  placentation.  And 
hère  the  important  results  of  Hill's  investigation  of  very  intense 
placental  phenomena  in  some  marsupials,  such  as  Perameles,  hâve 
great  weight. 

We  may  fairly  conclude  that  kangaroos,  phalangers,  oppossums 
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and  other  marsupials  hâve  only  gradually  become  aplacentary, 
parallel  to  those  other  formidable  changes  which  must  hâve  accom- 
panied  the  élaboration  of  that  peculiar  type  which  we  call  our  récent 
Didelphia,  in  which  the  dentition,  the  lactation  and  those  adaptations 
of  the  new-born  animais  for  nutrition  during  their  life  inside  the 
marsupium  form  such  distinctive  characters. 

And  so  if  the  Didelphia  are  in  reality  erra  tic  Monodelphia,  second- 
arily  modified  and  with  an  allantois  that  has  been  thrown  out  of  the 
Une  of  its  normal  development,  with  the  exception  of  Perameles, 
Dasyurus  and  in  part  Phascolarctos,  then  we  hâve  again  to  look,  not 
amongst  them,  but  amongst  the  Monodelphia,  for  such  forras  that  can 
give  us  an  indication  as  to  what  may  hâve  been  the  primitive  stage  of 
placentation. 

And  I  may  hère  state  that  my  own  researches  on  the  placentation 
of  both  primates  and  of  insectivores  hâve  led  me  to  the  conclusion 
that  we  should  look  in  quite  another  direction  than  the  one  alluded  to 
above,  which  starts  from  diffuse  placentation.  In  the  earlier  part  of 
this  address  I  hâve  considered  those  early  phylogenetic  stages  when,  in 
viviparous,  air-breathing  tetrapods,  the  larval  layer,  the  trophoblast, 
found  the  most  diverse  possibilities  open  to  it. 

I  believe  that  those  forms  of  which  the  embryonic  trophoblast 
actually  attacked  the  maternai  utérine  mucosa  phagocytically  were 
the  pioneers  towards  the  formation  of  what  has  later  become  the 
discoid  placenta.  In  some  forms,  even  among  our  récent  mammals, 
that  phagocytic  attack  is  combined  with  a  pénétration  of  the  whole 
blastocyst  inside  the  maternai  tissue,  e.  g.  man,  anthropomorphe, 
hedgehog,  gymnura,  and  many  rodents.  This  was  naturally  a  far 
higher  position  of  vantage  than  any  peculiar  fixation  inside  the  lumen 
of  the  utérus,  for  now,  when  once  the  blastocyst  was  encapsuled 
inside  its  mother's  tissues,  it  could  be  most  thoroughly  bathed  in 
maternai  blood  without  any  extravasation  into  the  utérine  lumen. 
To  take  three  examples  of  this  we  may  allude  to  the  guinea-pig,  the 
hedgehog  and  man.  Still  ail  thèse  utilize  the  favorable  conditions 
ofîered  to  them  thanks  to  their  situation  inside  a  capsula  or  decidua 
capsularis,  in  a  very  différent  manner. 

There  is  a  most  remarkable  amount  of  similarity  between  the 
hedgehog  and  man,  as  far  as  the  conditions  are  concerned,  which  the 
mother  ofïers  to  the  young.  But  then  the  embryo  itself  of  man  has 
seen  its  way  to  much  more  intense  utilization  of  thèse  favorable  con- 
ditions than  the  hedgehog-embryo  has.  Principally  because  the 
vascular  System  of  the  hedgehog  develops  in  a  séquence  of  stages 
which  serve  to  bring  its  area  vasculosa  on  the  umbilical  vesicle  in 
primary  contact  with  the  profusion  of  maternai  blood  by  which  the 
blastocyst  is  surrounded. 

On  the  contrary,  in  man  this  area  vasculosa  on  the  umbilical 
vesicle  is  not  in  contact  at  ail  with  the  maternai  circulation.    In  man 
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it  is  more  devoted  to  hœmatopoietic  functions,  i.  e.  to  the  formation  of 
new  bloodcorpuscles  for  the  embryonic  circulation.  But  in  another 
respect  the  human  blastocyst  has  got  far  ahead  of  that  of  the  hedgehog 
in  so  far  as  the  developing  embryo  lias  succeeded  in  vascularizing  its 
outer  larval  layer,  its  trophoblast,  at  a  quite  exceptionally  early 
moment,  without  the  aid  of  any  allantoic  outgrowth,  and  simply  in 
conséquence  of  a  very  early  ségrégation  of  certain  portions  of  the 
mesoblast  into  which  the  entoderm  sends  both  bloodvessels  and 
bloodcorpuscles.  This  very  early  vascularization  of  the  trophoblast 
leads  to  a  most  intense  osmotic  interchange  between  the  blood  of 
mother  and  child  ;  far  more  intense  than  what  obtains  in  the  hedge- 
hog, where  an  omphaloidean  placentation  précèdes  an  allantoidean 
one,  the  allantois  being  a  vesicular  outgrowth,  as  it  is  in  so  many 
mammals  and  in  ail  sauropsids. 

I  cannot  refrain  from  looking  upon  the  vascularization  of  the  outer 
larval  layer  or  trophoblast,  such  as  it  occurs  in  man,  in  the  monkeys 
and  in  Tarsius,  as  the  more  primitive  arrangement  of  the  two.  And 
in  that  case  the  présence  of  a  Connecting  stalk  (Haftstiel)  and  the  ab- 
sence of  a  free  allantois  in  man,  monkeys  and  Tarsius  is  not  a  secondary 
simplication  buta  priraary  fact  of  high  importance.  What  is  known  as 
the  allantois  tube  inside  the  so-called  Haftstiel  or  Bauchstieloi  man, 
monkeys  and  Tarsius,  is  not  the  remuant  of  what  was  once  a  vesicular 
allantois,  but  a  remuant  of  that  part  of  the  entoderm  which  has  served 
towards  the  vascularisation  of  the  trophoblast.  It  is  this  portion  of  the 
entodermal  surface  which  will  become  the  free  allantois  in  those  other 
descendants  of  the  primitive  tetrapods,  which  hâve  not  adhered  to 
the  very  direct  Une  of  utilizing  most  fully  and  as  early  as  possible  ail 
favorable  circumstances.  This  most  direct  Une  leads  up  straight  to 
the  primates.  Less  direct  Unes,  in  which  conditions  of  différent  or  of 
slower  vascularization  hâve  come  to  the  foreground,  are,  however, 
represented  in  varions  orders  of  monodelphian  mammals,  and  further 
in  the  Didelphia,  the  Ornithodelphia  and  in  the  différent  subclasses  of 
sauropsids.  In  the  latter  the  allantois  has  grown  to  the  dignity  of  a 
separate  fœtal  membrane,  which  coopérâtes  to  the  further  ensheath- 
ing  of  the  developing  embryo  and  which  carries  the  bloodvessels  for 
respiratory  purposes  to  the  inner  surface  of  the  egg-shell.  Whereas, 
in  the  ancestral  viviparous  forms,  the  same  vessels  were  more  directly 
distributed  over  the  inner  surface  of  the  outer  embryonic  larval  layer, 
in  order  to  improve  the  nutritory  conditions  which  had  been  inaugu- 
rated  by  phagocytic  action  of  the  trophoblast  cells  on  the  maternai 
tissues. 

This,  then,  is  a  short  sketch  and  a  rapid  review  of  how  the  fœtal 
membranes  of  the  vertebrates  may  be  looked  upon  if  we  make  certain 
changes  in  the  interprétations  that  hâve  been  hitherto  adhered  to, 
but  by  which  latter  nobody  has  as  yet  succeeded  in  clearing  up  the 
actual  phylogenesis  of  thèse  fœtal  membranes. 
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Full  and  extensive  investigations  of  ail  those  numerous  gênera  of 
mammals  that  hâve  not  yet  been  examined  will,  I  hope,  in  due  time 
give  us  occasion  to  complète  or  to  modify  the  views  hère  advocated. 

It  was  a  great  pleasure  to  me  to  offer  them,  tenta tively,  in  an  address 
which  I  was  in\4ted  to  give  in  the  section  of  embryology  of  this  Seventh 
International  Congress,  —  a  section  which,  with  good  right,  has  been 
called  into  life  for  the  first  time  at  this  meeting  in  Boston.  Embryolo- 
gical  problems  hâve  been  attacked  by  American  investigators  with 
wonderful  results,  and  the  lucidity  of  exposition  that  is  characteristic 
for  so  many  of  your  embryological  workers  is  only  equalled  by  the 
beautiful  transparency  of  the  eggs  of  those  marine  animais  on  which 
so  many  important  researches  on  cell-lineage  hâve  been  conducted. 

Tbat  I  hâve  been  less  clear  is  not  only  a  congénital  defect,  but  it 
goes  parallel  with  the  utter  hopelessness  of  our  expecting  that  we  shall 
ever  be  able  to  follow  the  cell-lineage  in  the  deeply  hidden  and  ex- 
ceedingly  small  mammalian  eggs.  Still,  a  full  knowledge  of  that  very 
cell-lineage  would  be  eminently  décisive  for  many  of  the  questions 
that  hâve  occupied  us  in  the  course  of  this  address  to  which  you 
hâve  listened  with  so  much  patience. 


KOXNEN  ^YIR  DIE  FAKTOREN  UND  DIE  CIESTAE- 
TEXDEN  WIRKUNGSWEISEN  DER  TYPIS(  HEN 
ENTWICKLUNGSVORGÀNGE  DER  LEHEWESEN 
ERMITTELN  ? 

(Address) 

^^^LHEL^r  roux 

Herr  Prasident:  Indem  tlas  Comité  des  Congresses  einen  der 
causalen  Forschuno;  dienenden  Arl)eiter  mit  der  Eroffniingsrede  dieser 
Section  betraute,  gab  es  der  causalen  Forschung  auch  hier  das  Wort 
und  bekiindete  weitsichtig,  dass  dieser  Richtung  ein  wesentlicher 
Anteil  nel)en  der  schon  lange  bestehenden  descriptiven  Forscliungs- 
richtung,  welche  die  Grundlage  der  Embryologie  geschaffen  luit, 
zuzuerkennen  ist. 

Beide  Richtungen  haben  in  diesem  Lande  hochbedeutende  \'er- 
treter;  insbesondere  haben  in  letzter  Zeit  viele  Forscher  dièses 
Landes  sich  der  causalen  Richtung  zugewandt  und  sie  in  kurzer  Zeit 
auf  das  Bedeutendste  gefordert,  sodass  die  Augen  der  biologischen 
Welt  hierher  gerichtet  sind,  und  dass  jede  Arbeit  der  E.  B.  Wilson, 
Morgan,  Loeb,  Davenport,  Harrison,  Conklin,  Child,  Jennings  u.  a., 
nebst  ihren  Schiilern  und  Schulerinnen  mit  hohem  Interesse  begriisst 
wird. 

Das  in  den  beiden  letzten  Dezennien  Errungene  ist  bereits  so 
reich,  dass  in  der  mir  hier  nur  kurz  bemessenen  Zeit  nicht  einmal 
ein  annahernder  Ueberblick  liber  die  Ergebnisse  moglich  ware. 

Ich  sehe  daher  von  einem  solchen  ab  und  will  versuchen,  ein 
allgemeinstes  Thema  unserer  Wissenschaft  zu  behandeln,  niimlich 
die  Frage:  Konnen  wir  die  Faktoren  und  die  gestaltenden  \Yir- 
kungsweisen  der  typischen  Entwicklungsvorgiinge  der  Lebewesen 
ermitteln  ? 

Dièse  Frage  schliesst  zwei  verschiedene  Unterfragen  ein  :  Erstens  : 
Konnen  wir  iiberhaupt  Faktoren  und  Vorgange-  des  Gestaltungs- 
geschehens  der  Lebewesen  ermitteln  ? 

Zweitens:  Konnen  wir,  soweit  ersteres  moglich  ist,  die  typischen 
von  den  atypischen  Gestaltungsvorgiingen  unterscheiden  und  die 
besonderen  Faktoren  des  typischen  Gestaltungsgeschehens  und  deren 
^Yirkungsweisen  erkennen  ? 

Zuniichst  miissen  wir  uns  einen  Ueberblick  liber  das  verschaffen, 
was  zu  erforschen  ist.  Es  ist  daher  notwendig,  das  organische  Ge- 
schehen  zu  charakterisieren  (s.  Roux  1892  a,  S.  431  ;  oder  1895, 
II  S.  77;    190G  a). 
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1.  Das  Wesen  des  I^ebens,  die  Lebensleistungen 

Die  typischen  Gestalten  und  Strukturen  der  vielen  Species  von 
Lebewesen  werden  durch  typische  resp.  atypische,  aber  regulatorische 
Tatio:keit  von  allgemeinen  "  Elementarfunktionen  "  der  Lebewesen 
hervorgel^racht. 

Daher  miissen  wir  bei  unseren  Bestrebungen  von  den  Elementar- 
funktionen ausgehen  und  eine  vollstandige  Uebersicht  derselben 
geben. 

Dieselben  sind  : 

I.     1.    Zerstorende  Selbstveranderung,  Antodissimilation. 
II.  Selbsterhaltung    des    Individuums    Autoconservatio    trotz 

dieser  Veriinderung,  durch 

2.  Selbstassimilation    (Autoassimilatio)  :    a  ;    chemische    und 

b;  morphologische,  bis  zum 

3.  Selbstersatz    des    durch    1    Verbrauchten,    und    zeitweihg 

gesteigert,  bis 

4.  zum  Selbstwachstum. 

5.  Selbstbewegung,  Automatic:  innere  und  aussere  (locomo- 

torische)    und  Reflexbewegung,  und  zwar  insbesondere 
als: 

6.  Selbstaufnahme  und,  als 

7.  Selbstausscheidung. 

III.  Die  Selbstvermehrung,  durch 
S.  die  Selbstteilung  und  durch 
9.  die  Vererbung. 

IV.  Dazu  kommt  noch  fUr  die  meisten  Lebewesen 

die  ontogenetische  Selbstentwicklung  (Autophanesis). 
Dièse  ist  bewirkt  ausser  durch  die  gestaltend  wirkenden 
der  schon  genannten  Leistungen,  und  noch 
V.  13.    Die  Selbstregulation  (Autoregulatio)  in  der  Ausubung  aller 
Leistungen.     Sie  fiihrt  zur  voriibergehenden  oder  dau- 
ernden  Anpassung  und  zum  Ausgleich  von  Storungen.^ 

'  Als  ich  vor  30  Jahren  danach  strebte,  das  Wesen  des  Lebens  wenigstens  in 
seinen  Leistungen  môglichst  zu  erkennen,  fiihlte  ich,  dass  mit  den  erstgenannten 
neun  iiberlieferten  Funktionen  (einschliessiich  der  hier  noch  nicht  erwàhnten 
seelischen  Leistungen)  das  Wesen  noch  nicht  voll  erfasst  sei,  sondern  dass  noch 
etvvas  sehr  Wesentliches,  die  Lebewesen  in  hohem  Masse  von  den  anderen  Natur- 
kôrpern  Unterscheidendes,  also  sie  Charakterisierendes  fehle.  Allmâlig  gewann 
ich  die  Einsicht,  dass  dies  noch  Fehlende  die  Anpassungsfàhigkeit  an  den  Wechsel 
der  Umstânde  sei,  und  zwar  eine  momentané,  rasch  vorûbergehende,  rein  funk- 
tionelle,  und  eine  dauernde  gestalthche  (morphologische).  Ich  erkannte,  dass 
dièse  beiderlei  Leistungen  keine  besonderen,  den  anderen  Elementarfunktionen 
gleichwertige  selbstândige  Leistungen  sind,  sondern  dass  beide  blos  die  Selbst- 
regulation der  anderen  Funktionen,  erstere  der  Erhaltungsfunktionen,  letztere 
der  Gestaltungsfunktionen  darstellen,  dass  also  die  "  Selbstregulation  in  der 
Vollziehung  aller  Funktionen  "  das  noch  fehlende  Charakteristikum  der  Lebe- 
wesen sei.  Das  Studium  der  Literatur  zeigte  dann,  dass  Herbert  Spencer  in 
seiner  Définition  des  Lebens  als  "eine  bestiramte  Korabination  ungleichartiger, 
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10.  durch  die  specifische,  chemisch-physikalische  (gewebliche) 

Selbstdifferenzierung  (Autodift'erentiatio  specifica  histo- 
logira)  und 

11.  durch    die    allen    gestaltenden    Einzelleistungen,    "super- 

ordinierten"  specifischen  Selbstgestaltungsfunktionen, 
Autoformatio  specifica. 

12.  Bei    vielen    Lebewesen    deutlich    erkennbare    psychische 

Leistungen. 

13.  Das    allgemeinste    Charakteristische    sind    die    typische 

Selbstgestaltung  der  Einzelwesen,  Autoconformatio 
typica,  die  Selbsterhaltung,  Autoconservatio,  und  die 
Selbstvermehrung,  ailes  durch  Selbstregulation  gesichert. 

Die  Determinationsfaktorenen  zu  allen  diesen  typischen  Gestal- 
tungsleistungen  sind  ira  Keimplasma  enthalten  ;  ^  nur  die  Aus- 
fiihrung  die  Vollziehung  kann  teilweise  von  aussen  bewirkt  werden. 

Es  ist  nun  zu  fragen,  ob  dièses  Geschehen,  das  heisst  seine  Wir- 
kuncjsweisen  sowie  auch  die  dasselbe  bewirkenden  determinierenden 
und  ausfuhrenden  Faktoren  fur  uns  erforschbar  sind. 

Dabei  haben  wir  zweièrlei  zu  unterscheiden  :  die  prinzipielle 
Losbarkeit  und  die  empirische  Losbarkeit.  Sind  die  Aufgaben 
prinzipiell  losbar,  so  brauchen  sie  letzteres  deshalb  nicht  auch  em- 
pirisch  zu  sein  ;  sind  sie  aber  prinzipiell  unlôsbar,  so  sind  sie  es  auch 
empirisch.  Daher  ist  es  notig,  dièse  beiden  Fragen  aufzustellen  und 
gesondert  zu  erledigen. 

sowohl  gleichzeitiger  aïs  aufeinanderfolgender  Verânderungen  "  mit  "fortwàhren- 
der  Anpassung  innerer  Relationen  an  àussere  Relationen"  wohl  Aehnliches  das- 
selbe gemeint,  es  aber  weniger  einfach  und  elementar  erfasst  und  bezeichnet  hat; 
und  ferner  dass  E.  Pflùger  (1877)  ùber  die  Selbstregulation  besonders  der  Erhal- 
tungsfunktionen  gehandeit  hat,  ohne  aber  ihre  elementare,  charakterisierende 
Bedeutung  und  die  progressive  Anpassungsgrôsse  in  gestaltlicher  Beziehung  zu 
erkennen  (s.  Roux,  1881,  Kapitel  V:  Ueber  das  Wesen  des  Organischen,  oder  1895, 
I  S.  398-415;  1902  a). 

'  Die  endlich  allgemein  angenommene  Distinction  von  Determinationsfak- 
toren  und  Ausfûhrungs-  oder  Realisationsfaktoren  der  Entwickelung  habe  ich 
1881  (unter  etwas  anderer  Bezeichnung)  eingefûhrt  und  von  da  an  stândig  ver- 
wendet.  Ihre  vieljahrige  Nichtberûcksichtigung  hat  zu  vielen  falschen  Deut- 
ungen  der  Formulierungen  meiner  Ergebnisse  (z.  B.  durch  O.  Schulze,  O.  Hertwig) 
gefûhrt.  Dièse  Distinction  gestattet  allein  die  oben  verwendete  prâcise  Définition 
des  "Typischen"   (s.  Roux  1905,  S.   182). 

Manche  Forscher,  besonders  Botaniker,  rechnen  auch  noch  von  "âusseren  " 
"  verânderlichen  "  Faktoren  wie  Klima,  Bodenbeschaffenheit,  determinierte,  also 
mit  ihnen  auch  "sich  ândernde  "  Gëstaltimgen  zu  den  "tj'pischen  "  Charakteren. 
Die  causale  Analyse  notigt  uns  zu  einer  strengen  Scheidung  der  inneren  vererb- 
ten  und  der  âusseren  nicht  vererblichen  Gestaltung  "  determinierenden  "  Faktoren 
und  ihrer  gestaltenden  Wirkungen.  Wir  kimnen  daher  von  aussen  "  determini- 
erte Gestaltungen  nicht  mit  unter  den  Begriff  des  Typischen  fassen,  mogen  dièse 
Gestaltungen  noch  so  hervortreten  und  unter  denselben  âusseren  Verhâltnissen 
constant  sein,  oder,  wie  die  bei  Pflanzen  und  festsitzenden  Tieren  durch  die  an 
allen  Orten  wesentlich  gleiche  Schwerki-aft  bewirkten  Gestaltungen,  durchaus 
constant  sein. 
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IL   Ueber   die    "Prinzipielle"   Erforschbarkeit   des   organ- 
iscHEN  Gestaltungsgeschehens 

Um  zuerst  die  Frage  der  prinzipiellen  Losbarkeit  unserer  Auf- 
gabe  zii  behandeln,  so  ist  zu  prlifen,  ob  iiberhaupt  die  Vorbedingung 
der  Erforschbarkeit  dièses  Geschehens  gegeben  ist. 

Dièse  Bedingiing  besteht  darin,  dass  das  Geschehen  sogenanntes 
bestandiges  Geschehen  ist  (oder  wie  man,  wenig  gut,  anthropo- 
morphistisch  sagt,  dass  es,  "gesetzmassig"  ist,  also  durchaus  dem 
Gesetze  der  Causahtât  untersteht).  Das  heisst,  dass  das  Geschehen 
an  allen  Orten,  zu  allen  Zeiten  unter  ganz  gleichen  Umstanden  stets 
in  ganz  gleicher  Weise  stattfindet.  Niir  solches  Geschehen  ist  er- 
forschbar;  denn  ohne  jindernde  Ursache  sich  veranderndes,  also 
unter  ganz  gleichen  Umstanden  nicht  in  gleicher  Weise  stattfindendcs 
Geschehen  wurde  sich  unserer  Erkenntnis  durch  Erschliessen  aus  den 
vv^ahrnehmbaren  Prodnkten  desselben  prinzipiell  entziehen,  sofern  es 
solches  (îeschehen  iiberhaupt  giibe.  Ich  kann  mir  aber  anderes  als 
"bestandiges"  Geschehen  nicht  vorstellen  und  glaube  nicht,  dass 
es  solches  giebt  und  geben  kann. 

Es  ist  aber  angezweifelt  worden,  dass  in,  dem  gestaltenden  Lebens- 
geschehen  durchaus  causales,  also  bestandiges  Geschehen  vorliige. 
Wenn  das  richtig  ware,  so  wiire  es  sehr  verdienstlich,  dies  aufgezeigt 
zu  haben;  denn  wir  kônnten  ims  dami  die  Miihe  der  causalen  For- 
schung  auf  unserem  Gebiete  von  vornherein  sparen,  da  sie  prinzipiell 
vergeblich  sein  mlisste. 

Zum  Beweise  wird  z.  B.  angefuhrt,  dass  in  einer  Schale,  welche 
sehr  dicht  mit  Froscheiern  erfullt  ist,  die  Eier  verschiedene  Stôrungen 
d^rbieten,  obschon  doch  aile  Eier  an  sich  einander  gleich  seien  und 
unter  den  gleichen  Umstanden  sich  befânden.  Das  wiirde  also 
bedeuten  :  Unter  gleichen  Umstiinden  konnen  gleiche  Lebewesen 
verschieden  reagieren.  Gegen  dièse  Deutujig  ist  darauf  hinzuweisen, 
dass  die  Verschiedenheit  der  Reaktion  hier  dadurch  bewirkt  wird, 
dass  in  Wirklichkeit  schon  die  Umstande  fiir  die  einzelnen  Eier  nicht 
gleich,  sondern  sehr  verschieden  sind  ;  denn  die  oberflachlich  liegenden 
Eier  erhalten  mehr  Luft  aLs  die  tiefer  liegenden,  und  die  unter  einer 
Liicke  der  darliberliegenden  Schicht  liegenden  Eier  erhalten  wieder 
mehr  Luft,  als  die  danebengelegenen,  also  mehr  bedeckten.  So 
erklart  sich  die  Verschiedenheit  der  Stôrungen  hier  durch  zwar  nicht 
sichtbare,  aber  zu  erschliessende  \ierschiedene  Grade  des  lAift- 
mangels  ;  ^  dies  selbst,  wenn  anzunehmen  ware,  dass  die  Eier  aile  voll- 
kommen  typisch  beschaffen,  also  einander  voUkommen  gleich  w'iiren. 

•  Im  Jahre  1885  beobachtete  ich  an  Frocheiern,  welche  in  enge  Glasriihren 
gebracht  waren,  dass  blos  die  den  offenen  Enden  nâchsten  Eier  sich  zu  Embry- 
onen  entwickelten,  wâhrend  die  tiefer  gelegenen  wegen  Luftmangels  auf  fruher 
Stufe  der  Gastrulation  stehen  blieben,  die  innersten  sich  ûberhaupt  nur  furchten 
(S.  1895  II  S.  322). 
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Dasselbe  gilt  von  Seeigeleiern,  welche  in  einejn  Reagenzglas  ge- 
schiittelt  worden  waren  und  danach  sehr  verschiedene  Stcirungen  der 
Entwicklung  darhoten.  Auch  hier  ist  die  Einwirkung  auf  die  einzel- 
nen  Eier  eine  quantitativ  verschiedene  trotz  der  Gleichartigkeit  der 
Wirkung.  Daher  ist  auch  das  Verhalten  der  Eier  verschieden  ;  nicht 
aber,  weil  wirklich  gleiche  Eier  bei  gleicher  Einwirkung  verschieden 
reagieren  konnten.  Ausserdem  kann  aber  auch  die  Widerstandsfiiliig- 
keit  mancher  Eier  derselben  Art  vielleicht  nicht  unerhebhch  verschie- 
den sein.^  Ferner  wurde  gegen  die  Moghchkeit,  aus  Experimenten 
ursachHche  Folgerungen  abzuleiten,  eingewendet,  dass  dasselbe 
Individuum  zu  verschiedenen  Zeiten  auf  gleiche  Einwirkungen  ver- 
schieden reagiere,  wie  wir  dies  schon  an  uns  selber  taglich  beobachten 
konnten.  Die  tatsachliche  Beobachtung  ist  auch  hier  wieder  richtig. 
Aber  auch  dieser  Fall  besagt  nichts  gegen  die  strikte  Gultigkeit  des 
Causalgesetzes  ;  sondern  er  beruht  blos  auf  unsiehtbaren  Variationen 
der  Lebewesen.  Denn  dass  ein  und  dasselbe  Individuum  zu  ver- 
schiedenen Zeiten  verschieden  reagiert,  hat  seine  Ursache  darin,  dass  es 
infolge  verschiedener  in  zwischen  stattgehabter,  nicht  oder  noch  nicht 
ganz  ausgeglichener  ausserer  Einwirkungen,  z.  B.  Erregung,  Genuss 
verschiedener  Nahrung,  oder  infolge  verschiedenen  Grades  innerer 
Vorgange  wie  Hunger,  Anstrengung,  Schlaf  etc.,  trotz  gleichen 
gestaltlichen  Aussehens  nicht  mehr  ganz  dasselbe  Individuum  ist, 
wie  kurz  vorher.  Selbst  der  Richter  betrachtet  den  Menschen  dann 
eventuell  nicht  mehr  als  identisch  mit  dem  im  Gesetzbuch  ange- 
nommenen  normalen,  indem  er  derartige  innere  Aenderungen  als 
strafmildernd  beurteilt. 

Wir  folgern  aus  diesen  Beispielen  daher  nur:  Sichtbar  Gleiches 
kann  in  Wirklichkeit  wesentlich  verschieden  sein. 

Dies  Prinzip  ist  von  weitestem  Umfang  des  Vorkommens  auf 
biologischem  Gebiete  und  daher  von  grosser  Bedeutung.  Die  Eier 
vieler  Tiere  sind  zum  Verwechseln  ahnlich  (oder  sind  gerade  in  Eigen- 
schaften,  welche  fiir  das  Entwicklungsgeschehen  einflusslos  sind, 
sichtbar  verschieden)  und  haben  trotzdem  so  hochgradig  verschiedenes 
Entwicklungsvermogen,  dass  aus  ihnen  augenfallig  verschieden 
gebildete  Individuen  hervorgehen.^ 

Wir  konnen  daher  einige  Prinzipien  des  Wirkens  formulieren,  die 
sowohl  fiir  das  organische  wie  anorganische  Geschehen  gUltig  sind 
und  dem  Causalgesetz  nur  bei  sehr  fluchtiger,  ganz  unzureichender 

'  Genaueres  siehe  Roux  1S96  c  S.  299  und  1897  S.  118  u.  187,  sowie  bei 
meinen  bezugl.  Gegenern  Driesch  im  Arch.  f.  Entw.-Mech.  HT  S.  299,  und  O. 
Hertwig  1897,  S.  71-72. 

^  Am  Ei  und  am  Spermatosoma  im  Ganzen  und  an  jedem  sichtbaren  oder 
auch  noch  unsiehtbaren  Teile  derselben  sind  zu  unterscheiden  :  (1)  Die  "Ent- 
wickelungseigenschaften  "  als  diejenigen  Eigenschaften,  welche  bei  dem  Ent- 
wickelungsgeschehen  in  irgend  einer  Weise  mitwirken,  und  (2)  aile  anderen  an  der 
Entwickelung  nicht  sich  beteiligenden  und  daher  aïs  "  accessorische  "  zu  bezeich- 
nenden  Eigenschaften. 
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Prufimg  zu  widersprechen  scheinen,  das  Causalgesetz  aber  in  Wirk- 
lichkeit  gar  nicht  beriihren. 

Sie  widersprachen  der  Causalitât  nur  dann,  wenn  folgende  vier 
Satze  richtig  waren  : 

Nur  wahrnehmbare  Faktoren  konnen  wahrnehmbares  Wirken 
hervorbringen.  • 

Nur  wahrnehmbares  Wirken  kann  wahrnehmbare  Ergebnisse 
(Produkte),  hervorbringen. 

Und  daraus  folgernd  :  Nur  wahrnehmbare  Faktoren  konnen 
wahrnehmbare  Ergebnisse  Hefern. 

Nur  wahrnehmbar  verschiedene  Faktoren  konnen  wahrnehmbar 
verschiedene  Ergebnisse  veranlassen. 

Wenn  dièse  Satze  richtig  waren,  dann  wâre  auch  die  Behauptung 
O.  Hertwig's  (1897)  richtig,  dass  die  descriptive  Méthode,  d.  h.  die 
Beschreibung  des  Gesehenen,  des  Sichtbaren  oder  sonst  Wahrnehm^ 
baren  die  zureichende  INIethode  der  Eml)rvologie  sei.^  Dann  miissten 
aber  auch  aile  die  kiinftige  Gestaltung  determinierenden  Verschieden- 
heiten  in  den  Keimen  von  Anfang  an  sichtbar  sein.  Und  C.  Rabl 
arbeitete  noch  jungst  (1906)  mit  ahnhchen  Auffassungen,  die  daher 
gleichfalls  nui'  berechtigt  wiiren,  wenn  dièse  vier  Siitze  zutrafen,  wenn, 
wie  ich  in  meiner  Erwiderung  (1907)  sagte,  die  Formel  galte:  Sicht- 
bares  (entsteht)  nur  aus  Sichtbarem.  Aile  dièse  Siitze  sind  durchaus 
unrichtig;  sie  werden  durch  die  folgenden  Prinzipien  des  Geschehens 
widerlegt: 

1.  Ailes  erste  Wirken  ist  unsichtbar,  ist  fUr  uns  uberhaupt  nicht 
wahrnehmbar. 

Das  gilt  ebenso  fur  Wirken,  welches  aus  unsichtbaren  wie  aus 
sichtbaren  Faktoren  hervorgeht. 

So  ist  bei  der  Fortbewegung  eines  Eisenbahnzuges  durch  die 
Lokomotive  das  primare  Ziehen,  die  Fortpflanzung  der  Zugwirkung, 
vom  Anfang  bis  zum  Ende  des  Zuges  nicht  wahrnehmbar,  auch  wenn 
wir  die  neben  den  Kuppelungen  befindlichen,  gedehnten  elastischen 
Federn  beriicksichtigen.  Das  Gleiche  gilt  von  dem  Wirken  einer 
aufschlagenden  Kanonenkugel,  von  der  Uebertragung  der  Drehbewe- 
gung  von  einer  Scheibe  auf  die  andere  durch  einen  Transmissions- 
riemen,  von  der  Herabbewegung  der  Tinte  in  der  schreibenden 
Feder,  etc.  Da  ailes  erste  Wirken,  sei  es  chemisch  oder  physikalisch, 
un  wahrnehmbar  ist,  so  konnen  wir  dièses  primare,  eigentliche  Wirken 
nur  erschliessen. 

^  Nach  meiner  eingehenden  Widerlegung  (1897),  seiner  principiellen  Einwen- 
dungen  gegen  die  Entwickelungsmechanik  hat  O.  Hertwig  seine  Auffassungen 
bald  sehr  erheblich  geândert,  indem  er  manches  von  mir  vertretene  Fundamentale, 
das  er  bisher  energisch  bekâmpft  oder  conséquent  iibergangen  hatte,  gleich  dar- 
nacii  und  fernerhin  in  seinen  Schriften  verbreitete,  ohne  auf  die  nachtrâgliche 
Aenderung  und  deren  Ursache  hinzuweisen.  Das  hatte  zur  Folge,  dass  descriptive 
Forscher  wie  auch  Pflanzenphysiologen,  die  diesen  Teil  der  Literatur  nicht  aus- 
reichend  verfolgt  haben,  glauben,  ich  hatte  die  Ansichten  dièses  Autors  mit  Un- 
recht  als  ruckstandige  bekâmpft. 


ENTWICKLUNGSVORGÀNGE   DER   LEBEWESEN       441 

2.  Aus  dem  unwahrnehmbaren  ersten  "  Wirken "  kann  wahrnehm- 
bares  sekundiires  Geschehen  :  die  "  Wirkiing  "  als  das  Ergebnis  des 
Wirkens  entstehen. 

So  entsteht  in  den  obigen  Beispielen  die  wahrnehmbare  Fort- 
bewegung  des  Eisenbahnzuges,  die  Dehnung  seiner  Spiralfedern,  die 
Zertrlimmerung  der  von  der  Kanonenkugel  getroffenen  Mauer,  das 
Herabfliessen  der  Tinte  aus  der  Feder. 

Und  zwar  ist  solche  Umwandking  des  Geschehens  moglich,  auch 
wenn  die  iirsprlinglichen  Faktoren  fur  uns  nicht  wahrnehmbar 
waren. 

Dièse  Wahrnehmbarwerdung  geschieht  nach  zwei  Prinzipien: 

2  a.  Aus  unsichtbar  oder  sonst  unwahrnehmbar  kleinem  Wirken 
kann  durch  Andauer  des  Wirkens  und  dadurch  bedingte  riùimliche 
Ausbreitung  desselben  eine  Wirkung  von  sichtbarer  oder  wahrnehm- 
barer  Grosse  als  Ergebniss  hervorgehen.  So  kann  also  das  unsicht- 
bar Kleine  zu  sichtbar  Grossem  integriert  werden. 

2  b.  Seiner  Qualitat  nach  flir  uns  nicht  wahrnehmbares  Sein 
oder  Geschehen  kann  ckirch  das  Wirken  neuer  Faktoren  in  seiner 
Qualitat  derartig  verandert  werden,  dass  es  fur  uns  wahrnehmbar 
wird.  So  wird  z.  B.  das  unsichtbare  primare  Bild  auf  der  photogra- 
phischen  Flatte  durch  das  Wirken  des  dariibergegossenen  Entwick- 
1ers  in  ein  wahrnehmbares  verwandelt  (s.  Roux  1S85  S.  417  u.  ;  1895 
II  S.  9). 

Soweit  aber  durch  fortschreitende  Analyse  der  chemischen  Ele- 
mente  in  Urelemente  jetzt  fiAr  "  qualitativ  "  verschieden  Gehaltenes 
auf  "  quantitative  "  Verschiedenheiten  zuriickgefuhrt  wird,  soweit  ist 
dieser  Satz  durch  den  vorigen  zu  ersetzen. 

Die  letzten  beiden  Arten  des  Geschehens  2  a  und  b  gestatten  die 
Folgerung: 

3.  Unsichtbare  Faktoren  konnen  sichtbare  W'irkungen  liefern, 
Kurzgefasst:  Unsichtbare  Ursachen,  sichtbare  Wirkungen.  Dièses 
Prinzip  bezeichnet  Geschehen,  welches  bei  den  organischen  Gestalt- 
bildungen  allenthalben  vorkommt.  Denn  im  Ei  und  Samenkorper 
sind  aile  einzelnen  vererbbaren  Eigenschaften  der  Eltern  in  qualitativ 
und  quantitativ  unsichtbarer  Weise  "  determiniert  "  enthalten,  und  sie 
werden  erst  im  Laufe  der  Entwicklung  durch  das  Wirken  in  sichtbare 
Verschiedenheiten  umgearbeitet  (genaueres  s.  Roux  1895  I  S.  406). 

Da  scheinbar  ganz  gleiche  Gebilde  doch  in  unsichtbarer  Weise  ver- 
schieden sein  konnen,  so  folgt  aus  der  sichtbaren  Wirkung  unsicht- 
barer Ursachen: 

4.  Anscheinend  gleiche  Gebilde  konnen  bei  gleichen  Einw^irkun- 
gen  sichtbar  verschiedene  Wirkungen  ergeben.  Damit  sind  die  drei 
obigen  Beispiele  von  Einwendungen  gegen  die  strenge  Causalitat  des 
organischen  Geschehens  prinzipiell  erledigt. 

Zu  diesen  Prinzipien  der  W^ahrnehmbarkeit  des  Geschehens 
kommt  noch  eine  Erfahrung: 
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5.  Wirkendes  und  Bewirktes,  also  Ursache  und  Wirkung,  oder 
Primares  und  Sekundares  sind  oft  selbst  bei  sichtbaren  Faktoren 
fur  uns  nicht  zu  unterscheiden,  also  nicht  als  das  eine  oder  andere  zu 
erkennen.  Beim  Einblick  in  ein  Maschinengetriebe  erkennen  wir 
nicht,  wek'hes  von  zwei  ineinandergreifenden  Radern  driickt,  welches 
gedriickt  wird. 

Erst  durch  Eingriffe,  wie  Anhalten  und  neuen  Beginn  des  Betriebes 
oder  durch  Ausschalten  von  Teilen  erkennen  wir  dies.  So  ist  es  auch 
ganz  allgemein  mit  den  gestaltenden  Wirkungen  der  Zellen  resp.  der 
Organe  aufeinander  (s.  Roux  1S79  S.  325,  1895  I  S.  83).  Zum  Bei- 
spiel  ist  bei  der  Bildung  des  Kkimpfusses  nicht  zu  erkennen,  ob  die 
Verkiirzung  der  Plantaraponeurose  die  Ursache  oder  die  Folge  der 
Umgestaltung  des  Skelettes  ist. 

Aile  dièse  Arten  des  Geschehens  bekunden  aber  nichts  gegen  die 
Causalitiit  desselben;  sie  betreffen  iiberhaupt  nicht  die  Causalitat, 
sondern  nur  Formales:  und  zwar  die  ^Yirkungsfahigkeit  auf  die 
menschlichen  Sinnesorgane,  die  Wahrnehmbarkeit  resp.  die  Nicht- 
wahrnehmbarkeit  infolge  der  INIangelhaftigkeit  unserer  Sinne.  Sie 
zeigen  aber  zugleich,  warum  die  descriptive  Forschung,  die  genaue, 
ja  die  genaueste  Beobachtung  des  Entwicklungsgeschehens  der  Lebe- 
wesen,  keinen  Einblick  in  das  ursachliche  Wirken  dièses  Geschehens 
geben  kann.  Diesen  Einblick  konnen  wir  in  sicherer  Weise  nur 
durch  EingriflF  in  das  Wirken,  durch  analytische  Expérimente  und 
durch  Schliessen  aus  seinen  Ergebnissen  gewinnen. 

Allerdinsrs  ist  es  sehr  erschWerend  fur  uns,  dass  wir  nicht  nur  das 
Wirken,  sondern  auch  die  Faktoren  desselben  nicht  als  solche,  als 
wirkende  Teile  wahrnehmen  konnen,  sondern  beides  aus  den  Ex- 
perimenten  erschliessen  miissen.  Doch  sind  das  keine  prinzipiellen 
Hindernisse. 

Wenn  es  sich  ferner  um  xAenderungen  eines  ganz  bestimmten,  also 
tvpischen  Geschehens  handelt,  so  folgt  aus  diesen  Prinzipien  des 
Wirkens  der  Satz  : 

Nicht  wahrnehmbare  Variationen  der  Ursachen  konnen  wahr- 
nehmbare  Variationen  der  Folgen  bewirken. 

Ein  Beispiel  :  Es  giebt  einen  Springbrunnen,  der  eine  grosse 
Menge  Wasser  aussprudelt,  das  in  dickem  Strahl  anscheinend  direkt 
aus  der  Erde  herauskommt.  Dieser  Strahl  aber  zerteilt  sich  nach 
dem  Ausbritt  zugleich  und  zwar  fortwahrend  in  ganz  anderer  Weise, 
obschon  die  von  uns  gegebene  Anordnung  der  Bedingimgen:  die 
Weite  und  Lage  des  Zuflussrohres  und  die  Beschaffenheit  der  Aus- 
flussmlindung  immer  dieselben  sind.  Die  Ursachen  der  Variation 
liegen  offenbar  in  den  unsichtbaren  Schwankungen  des  Druckes  in 
der  zugefuhrten  Flussigkeit  und  in  der  stets  verânderten  Bewegung 
der  Luft,  in  welche  der  Strahl  einspringt. 

Ebenso  konnen  unsichtbare  Aenderungen  in  den  Keimen  sicht- 
bare,   ja   augenfâllige   Wirkungen   an  den  entwickelten  Lebewesen 
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bewirken,  da  bei  der  Entwicklung  derselben  das  2. te  und  3. te  Prin- 
zip  des  Geschehens  beteiligt  sind. 

Vielleicht  konnte  ferner  jemand  behaupten,  der  bekannte,  auch 
auf  das  organische  Geschehen  vielfach  angewandte  Erfahrungssatz: 
Kleine  Ursachen,  grosse  Wirkungen  spriiche  gegen  die  zureichende 
Causalitat  dièses  Geschehens,  da  hier  der  Causalsatz  :  causa  aequat 
effectura  durchbrochen  zu  sein  scheint. 

Wenn  aber  z.  B.  ein  kleiner  elektrischer  Funke  eine  iingeheure 
Explosion  bewirkt,  so  ist  der  Funke  nur  der  letzte  Faktor,  nicht  die 
allein  zureichende  Ursache  der  grossen  Wirkung;  denn  zu  dieser  \Yirk- 
ung  gehort  noch  ein  entsprechend  grosser  Vorrat  angehauf ter  Energie. 
Richtig  kann  man  also  nur  sagen  :  Kleine  Ursachen  konnen  grosse 
Wirkungen  "auslôsen,"  was  nicht  dem  Gesetze  der  Causalitat  wider- 
spricht.  Aehnlich  ist  es  mit  der  Intiitigkeitsetzung  eines  Menschen 
durch  Anruf,  durch  Mlickenstich,  mit  der  Anregung  der  Entwick- 
lung des  Eis  durch  Befruchtung  oder  durch  Salzlosung  nach  J.  Loeb. 
Auch  die  im  Organismus  haufigen  Fermentwirkungen  widersprechen 
bei  Berucksichtigung  aller  dabei  beteiligten  Faktoren  nicht  dem 
Gesetze  der  Causalitat. 

Also  gilt  die  Causalitat  flir  das  Quantitative  des  Geschehens. 

Aber  auch  die  Qualrtat  der  organischen  Gestaltung  untersteht  der 
Causalitat,  ist  "bestandiges"  Wirken.  Das  ergiebt  sich  sicher  ans 
der  Erhaltung  der  Species,  d.  h.  eine  Species  bringt  von  sich  aus,  also 
sofern  nicht  alterierende  Einwirkungen  hinzukommen,  immer  nur 
Wesen  derselben  Species  hervor. 

Aus  dieser  absoluten  "Bestandigkeit"  des  organischen  Gestal- 
tungsgeschehens  dlirfen  wir  absolut  sicher  folgern,  dass  die  Bildung 
der  Lebewesen  der  Causalitat  streng  folgt.  Daraus  ist  zunachst 
abzuleiten,  dass  die  typische  Entwicklung  der  Lebewesen,  wie  ailes 
bestandige  Geschehen  "prinzipiell"  erforschbar  ist. 

Da  ailes  der  Causalitat  unterstehende  Geschehen  den  Charakter 
des  Mechanischen,  INIaschinenartigen  hat,  und  daher  seit  der  Zeit, 
in  der  dièse  feste,  das  wirklich  "mogliche"  Geschehen  gegenliber 
dem  "denkbaren"  z.  B.  mârchenhaften  zauberischen  Geschehen 
ungeheuer  beschrankende  Gesetzmâssigkeit  des  Naturgeschehens  in 
ihrer  voUen  Bedeutung  gewurdigt  wurde,  als,  "  mechanistisches 
Geschehen"  bezeichnet  wird,  so  ist  es  wohl  erlaubt,  ja  passend,  die 
Lehre  von  den  Faktoren  des  Entwicklunffsgeschehens  und  von  deren 
bestândigen  Wirkungsweisen  auch  als  "Entwicklungsmechanik"  zu 
bezeichnen. 

Dièse  Auffassung  wird  sich  wohl  spater  mit  der  zunehmenden  Ver- 
breitung  der  Einsicht  in  dièse  Verhâltnisse,  also  in  das  wahre  Wesen 
unserer  "  empirischen  "  Aufgabe  und  ihrer  praktischen  Losungsweise, 
sowie  wenn  erst  in  hoherem  ■Niasse  als  jetzt  das  organische  Gestaltung 
geschehen  in  solche  "bestandige  Wirkungsweisen"  und  deren  Fakto- 
ren analysiert  ist,  mehr  und  mehr  einbiirgern.     Zur  Zeit  stehen  wir 
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ja  erst  am  Anfang  der  auch  in  Aeonen  nie  zu  Ende  zu  bringenden 
Forschungsarbeit. 

An  der  "prinzipiellen"  Losbarkeit  der  ursachlichen  Riitsel  des 
organischen  Entwicklimgsgeschehens  in  dem  eben  erorterten  Sinne 
ist  also  nicht  zu  zweifeln. 

Dièse  erwiesene  prinzipielle  Erforschbarkeit  betrifft  zunâehst 
niir  das  typische  Entwicklungsgeschehen. 

Aiisser  ihm  giebt  es  nun  aber  noch  "atypisches  "  Geschehen, 
welches  trotzdem  typische  Produkte  liefert.  Dièses  ist  daher  als 
"regulatorisches"  Geschehen  zu  bezeichnen;  iind  es  bedarf  noch 
besonderer  Priifung  auf  seine  Causalitiit,  also  auf  seine  Bestandigkeit. 

Das  typische  Gestaltungsgeschehen  der  sich  entwickelnden  Lebe- 
wesen  ist,  wie  experimentell  zuerst  von  mir  (1884)  nachgewiesen 
worden  ist,  in  allem  Wesentlichen,  das  heisst,  in  dem  die  Klassen-, 
Gattungs-  und  die  constanten  Art-Charaktere  "Bestimmenden," 
ira  befruchteten  Ei  "  vorbestimmt,"  also  in  ihm  determiniert  ent- 
halten.  Und  da  dièses  Geschehen  zu  dera  typischen  Ende  fiihrt, 
so  scheint  zu  folgern  zu  sein,  dass  auch  die  Herstellung  in  typischer 
Weise  verlaufen  muss. 

Das  wird  aber  durch  die  Wirklichkeit  widerlegt. 

Da  der  Keim  sehr  weich  ist,  und  da  auch  der  Embryo  sowie 
die  spateren  Entwicklungsstadien  meist  aus  weichen  Teilen  be- 
stehen,  so  miissen,  trotz  manches  durch  die  Eihiillen  gegebenen 
Schutzes,  die  gleichwohl  noch  bei  jeder  einzelnen  Ontogenèse  statt- 
findenden  atypischen  ausseren  gestaltenden  Einwirkungen  sowie 
auch  die  functionellen  Eigenbewegungen  von  Teilen  des  Gebildes 
stets  Alterationen  im  Keime  resp.  im  Embryo  hervorbringen.  Und 
die  Folffe  miisste  sein,  dass  nie  ausserlich  und  innerlich  auch  nur 
anniihernd  normal  gebildete  Lebewesen  oder  uberhaupt  lebensfahige 
Gebilde  aus  dem  befruchteten  Ei  hervorgehen  konnten. 

Gleichwohl  ist  beide  zu  meist  der  Fall. 

Dièse  Sachlage  veranlasste  mich  seiner  Zeit  erstens  zu  der  An- 
nahme,  dass  die  typischen  Einzelbildungen  durch  "doppeltes  oder 
mehrfaches  Bestiramtsein"  in  ihrer  typischen  Herstellung  "gesichert" 
seien  :  Und  es  gelang,  die  IMoglichkeit  dieser  Annahme  an  dem 
damais  behandelten,  uberaus  compliziert  gebauten  Objekte:  der 
Schwarzflosse  des  Delphin,  im  einzelnen  nachzuweisen.  (Roux  1883 
S.  112,  129  oder  1895  I  S.  507,  530). 

Dièse  inneren  Sicherungseinrichtungen  schliessen  naturlich  nicht 
aus,  dass  durch  aussere  Einwirkungen  augenfallige  Alterationen  der 
Gestalt  des  Keimes  oder  Embryos  bewirkt  werden  konnen.  Trotz 
mancher  solcher  1884-1888  von  mir  vorgenommenen  Einwirkungen 
karaen  aber  spater  oft  keine  "Bildungsabweichungen"  zur  Beobach- 
tung.  Die  anfânglich  notwendig  eingetretenen  vStorungen  der  Bildung 
waren  also  wieder  ausgeglichen  worden.  Dies  bekundet,  dass  ausser 
den    erwahnten    Sicherungen    im    I>aufe  der  gestorten  Ontogenèse 
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"gestaltende  Selbstregulationen  "  stattfinden  konnen.  Expérimente 
belehrten  uber  den  sehr  grossen  Wirkungsumfang  dieser  Regidationen. 

Durch  Pressung  zwischen  senkrechten  (îlasplatten  oder  durch 
Trockenhaltung  der  (îallerthulle  vom  Beginne  der  Entwicklung  an 
eine  Woche  lang  hochgradig  deformierte  Froscheier  entwickelten  sich 
wiihrend  der  Pressung  zwar  selbstverstandlich  zu  àjisserlich  ent- 
sprechend  deformierten  Einbryonen.  Dièse  Embryonen  zeigten  sich 
aber  trotz  der  abnormen  ausseren  Gestalt  und  der  daraus  sich  erge- 
benden  abnormen  Lagerung  der  Teile  zu  einander  in  ihrem  struk- 
turellen  Aufbau  aus  den  Organen  und  in  ihrer  ausseren  Ghedrung  in 
solcher  Weise  normal  gebildet,  als  wenn  sie  sich  unter  normalen  Ver- 
haltnissen  entwickelt  hiitten,  und  nachtraghch,  als  sie  schon  zu  nor- 
malen Embryonen  mit  den  einzelnen  Organen  differenziert  waren, 
in  der  angegebenen  Weise  deformiert  worden  waren  (1893  a  S.  609; 
1895  II  S.  926). 

Dièse.  Erfahrungen  und  die  Beobachtungen  liber  Postgeneration 
und  Régénération  u.  a.  veranlassten  mich  seinerzeit  zu  der  rein 
objektiven  Formulierung,  dass  "die  Produkte  der  Entwicklung  con- 
stanter  sind  als  die  Arten  ihrer  Herstellung"  (1896  a  S.  122). 

E.  Pfliiger  hatte  bereits  im  Jahre  1877  die  Selbstregidation  in 
der  Vollziehung  der  "Erhaltungsfunktionen"  (Roux)  in  allgemeinem 
Sinne  bearbeitet,  und  fUr  dièse  Regulationen  den  Satz  formuliert, 
dass  die  "Ursache"  des  "  Bediirf nisses  "  auch  die  Ursache  seiner 
Befriedigung  darstellt.  (Daraus  haben  die  modernen  Teleologen  den 
Satz  gemacht,  dass  das  "Bedurfnis"  selber  auch  die  Ursache  der 
Befriediguns:  desselben  sei,  womit  das  Bediirfnis  zu  etwas  Realem 
erhoben  wurde.) 

Nachdem  ich  dieser  Selbstregulation  der  Erhaltungsfunktionen 
allgemein  die  Selbstregulationen  der  Gestaltungsfunktionen  hinzuge- 
fiigt  und  die  Selbstregulation  in  der  Ausubung  aller  Funktionen  als 
elementare,  charakteristische  Leistung  der  Organismen  aufgestellt 
hatte,  wurde  derartiges  Geschehen  auch  als  sehr  vielseitig  und  sehr 
weit  gehend  erkannt  (s.  1902  a);  und  dasselbe  gewann  einen  "meta- 
physischen"  Schein,  der  sogar.  Zweifel  an  der  strengen  Causalitât 
dieser  Entwicklungsvorgiinge  erweckte. 

Da  indess  auch  hierbei  wieder  nur  dem  Typus  derselben  Klasse, 
Gattung  und  Species  zugehorige  Gestaltungen  gebildet  werden,  so 
ist  an  der  strengen  Causalitât  nicht  zu  zweifeln.  Vorkommende 
Abweichungen  vom  Typus  sind  derartig,  dass  sie  als  Storungen,  als 
falsch  geleitete  Betâtigungen  typischer  ]Mechanismen,  ev.  als  "Un- 
vollkommenheiten  "  der  Regidationsleistungen  oder  andererseits  als 
"Ruckschlage"  aufgefasst  werden  konnen.  Somit  sind  es  wieder 
Vorgiinge,  die  der  causalen  Ableitung  keine  prinzipiellen  Hindernisse 
darbieten. 

Aber  davon  abgesehen,  haben  dièse  gestaltlichen  Selbstregula- 
tionen gestorter,  also  atypisch  gewordener  Gebilde,  einen  ganz  beson- 
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deren  Charakter,  denn  es  wird  durch  sie  ein  nicht  mehr  in  typischer 
Weise  existierendes  Gebilde  gleichwohl  seinem  ideellen  Typus  ent- 
sprechend  wieder  hergestellt.  So  wird  z.  B.  durch  die  Régénération 
ein  typisches,  aber  real  nicht  mehr  vollstjindig  vorhandenes,  "ent- 
wickeltes"  Ganze  entsprechend  seinem  vollstandigen  ideellen  Typus 
Vt^iedergebildet. 

Diesé  anscheinend  metaphysische  Leistung  kann  indessen  durch 
meine  einfache,  real  gestutzte  x^nnahme  als  von  reim  ein  mechanis- 
tischem  Charakter  beurteilt  werden  (Roux  1S93  b  S.  302;  1S95,  II 
842,  1018;  1905  S.  83).  Das  geschieht  durch  die  Einsicht,  dass  das 
ganze  Individuum  hier  doch  noch  reell  vertreten  ist,  namlich  im  un- 
entwickelten  Zustande,  im  Keimplasma,  welches  nach  Weismann's 
und  meiner  Auffassung  auch  in  allen  determinierend  an  der  Régén- 
ération sich  beteiligenden  Zellen  sich  vorfindet  und  an  der  Régénéra- 
tion leitend  und  ausfuhrend  mitwirkt. 

Dadurch  erhalt  das  scheinbar  unerklarliche  Régénérations-  und 
Postgenerationsproblem  eine  mechanistische  Charakterisierung  ;  nam- 
lich die:  dass  durch  Mitwirkung  des  typischen  "unentwickelten 
Ganzen"  das  nicht  mehr  oder  noch  nicht  vollstandig  existierende 
"entwickelte  Ganze"  in  typischer  Gt^stalt  hergestellt  werden  kann. 
Ebenso  lassen  sich  die  nach  anderen  gestaltlichen  Storungen  vorkom- 
menden  Selbstregulationen  in  mechanistischer  Weise  ableiten.^ 

Was  fiir  allerdings  immer  noch  fiir  uns  wimderbare  x\rten  von 
gestaltenden  Wirkungsweisen  hierbei  im  Speziellen  anzunehmen 
sind,  kann  hier  nicht  erortert  werden.  Aber  es  ist  wenigstens  nicht 
notig,  anzunehmen,  dass  fiir  dièse  vielerlei,  in  den  speziellen  Failen 
uberaus  verschiedenen  Storungen  eine  zwecktiitige  und  zweckmiissig 
urteilende  Intelligenz  tiitig  sei,  welche  die  geeigneten  Mittel  auswiihle. 
Ebenso wenig  ist  entsprechend  den  Auiïassungen  jetziger  A^italisten 
anzunehmen  dass  hierbei  das  "Bediirfnis"  als  etwas  Réelles  und 
Aktuelles  existiere  und  sich  an  der  Regulationsarbeit  "direct"  Ges- 
taltung  determinierend  und  realisirend  beteilige.  Sondern  wir  konnen 
Pfliiger's  Satz  von  den  Regulationen  besonders  der  Erhaltungsfunk- 

'  Die  modernen  Teleologen  Cossmann,  Driesch,  Pauly,  France  u.  A.  ûber- 
gehen  conséquent  dièse  rein  mechanistische  Ableitung  des  teleologischen  Haupt- 
problemes  und  lassen  auf  dièse  Weise  ihre  teleologische  Ableitung  als  notwendig 
erscheinen.  Statt  ihrer  "  zweckmâssig  "  gestaltenden  Seele  irgend  einer  Art 
branche  ich  also  blos  physikalisch-chemische  Determinationen  und  entsprech- 
endes  Wirken,  wenn  auch  dièses  Wirken  seiner  Art  nach  im  einzelnen  natûrlich 
gleichfalls  noch  unbekannt  ist:  die  gestaltenden  Beziehungen  zwischen  ent- 
vvickelten  (expliciten)  Teilen  und  deni  unentwickelten  (impliciten)  Ganzen  des 
somatischen  Keimplasma  (1893  b  S.  842  u.  f .  ;  1893  c  S.  656;  oder  1895  H  S. 
842,  894).  Genauercs  ûber  dièse  Teleologie  und  Psychomorphologie  sicher  Roux 
im  Arch.  f.  Intro.-Mech.  Bd.  24  S.  686,  Bd.  25  S.  720. 

Bei  den  Einwendungen,  welche  dièse  teleologischen  Forscher  gegen  meine 
Lehre  erheben,  berûcksichtigen  sie  nur  meine  Théorie  der  funktionellen  An- 
passung  (1881);  doch  beruhen  die  Einwendungen  gegen  dièse  Théorie  trotz  des 
Bestrebens  der  Autoren,  sie  richtig  zu  beurteilen,  wesentlich  auf  Irrtiimern  der 
Interprétation  (wie  ich  anderen  Orts  dartun  werde)  und  haben  daher  nicht  die 
ihnen  von  ihren  Autoren  zugeschriebene  widerlegende  Bedeutung. 
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tionen  einen  fur  die  Gestaltungsfunktionen  gUltigen  Satz  an  die  Seite 
stellen  und  dabei  von  den  "Bedlirfniss"  absehen,  indem  wir  sagen: 

"Die  besondere  'Art'  jeder  gestaUlichen  Storung  determinirt 
und  aktivirt  die  besondere  Art  der  regulatorisclien  Leistung." 

Es  ist  ferner  nichts  bekannt  geworden,  was  bekundete,  dass  bei 
der  gleichen  Storung  am  gleichen  Objekte  nicht  stets  dieselbe  Régula- 
tion stattfiinde.  Dabei  ist  das  "gleiche"  Objekt  naturlich  in  dem 
oben  erorterten  strengen,  auch  auf  das  Unsichtbare  sich  ausdehnen- 
den  Sinne  "  vollkommener  "  Cdeichheit  zuverstehen.  Die  regulator- 
isclien Wirkungen  unterliegen  also  jedenfalls  auch  dem  Gesetze  der 
Bestiindigkeit  :  Gleiches  mit  Gleichem  giebt  Gleiches. 

Demnach  ist  auch  fur  die  gestaltenden  Regulationen  der  Lebe- 
wesen  prinzipiell  die  ]Moglichkeit,  sie  zu  erforschen  gegeben. 

Ferner  ist  noch  zu  berlicksichtigen,  dass  eine  Einwirkung  unter 
verschiedenen  Moglichkeiten  bestimmen  kann,  welcher  von  den 
moglichen  Mechanismen  aktiviert  wird  (Roux,  189G  c  S.  428). 
C.  Herbst  vertrat  dies  des  Weiteren  auf  Grund  eigener  Beobachtungen 
(1901  ).  Voraussetzung  ist,  dass  ein  und  dasselbe  embryonale  Substrat 
in  verschiedener  Weise  gestaltlich  reagieren  kann,  ein  Verhalten,  das 
ich  als  "elektive  Auslosung"  bei  "mehrfacher  Reaktionsfiihigkeit 
des  embryonalen  Materiales"  bezeichnete  (1902  b  S.  658). 

Doch  ist  das  Prinzip  der  Bestandigkeit  auch  hier  keineswegs 
durchbrochen,  denn  nur  auf  verschiedene  Einwirkungen  reagirt 
dasselbe  Material  in  verschiedener  Weise.  Eine  Durchbrechung 
ware  nur  vorhanden,  wenn  ganz  das  gleiche  Material  auf  ganz  diesel- 
ben  Einwirkungen  in  mehrfacher  Weise,  d.  h.  zu  verschiedenen 
Zeiten  in  verschiedener  Weise  reagierte.  Es  ist  ubrigens  bei  diesem 
Vorkommniss  auch  nicht  einmal  erwiesen,  "  dass  wirklich  ganz  die- 
selben  Zellteile  verschiedene  Gestaltung  bestimmend  tâtig  sind,  und 
dass  nicht,  wie  es  moglich  erscheint,  in  jedem  Falle  von  anderer 
Reaktion  die  Gestaltung  auch  von  anderen  kleinsten  Teilen  be- 
stimmt  und  ev.  auch  teilweise  reaUsirt  wird"  (Roux,  1902  b  S. 
658). 

Es  ist  hier  wiederum  daran  zu  erinnern,  dass  im  Organismus 
fast  allenthalben,  d.  h.  wohl  in  jeder  Zelle,  zweierlei  Reaktionsma- 
terial  vorhanden  ist:  entwickeltes  (explicites)  und  in  ihm  einge- 
schlossen  noch  keimplasmatisches,  unentwickeltes  (implicites). 

Die  Art  der  Reaktion  auf  eine  Einwirkung  hangt  daher  wesent- 
lich  mit  davon  ab,  ob  blos  das  entwickelte  IMaterial  oder  auch  das 
noch  unentwickelte  Material  aktivirt,  zur  Reaktion  veranlasst  wird. 

Das  ist  ein  Wirkungsprinzip  von  grosster,  universeller  Bedeutung, 
auf  welchem  auch  die  mehrfache  Reaktionsfiihigkeit  scheinbar  dessel- 
ben  Materials  in  manchen  Fâllen  beruhen  kann.  In  Wirklichkeit 
ist  dann  in  verschiedenen  Fâllen  gar  nicht  dasselbe  oder  nicht  blos 
dasselbe  IMaterial  in  Tâtigkeit  getreten. 

Wir  mussen  daher  auch  immer  zu  ermitteln  suchen,  ob  an  einer 
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Reaktion  blos  die  entwickelten  oder  aiich  die  unentwickelten  Ma- 
terialien  der  Zelle  beteiligt  sind. 

Es  hat  sich  also  nichts  ergeben,  was  bewiese,  dass  das  gestaltende 
Geschehen  der  Lebewesen  nicht  liickenlos  der  Causalitat  unter- 
stunde,  dass  es  nicht  durchaus  qualitativ  und  quantitativ  "bestan- 
diges"  Geschehen  sei.  Damit  betrachten  wir  die  Frage  der 
luckenlosen  CausaHtat  und  also  auch  die  der  "  prinzipiellen"  Erforsch- 
barkeit  des   individuellen  Entwickkmgsgeschehens  als  erledigt. 

Dièse  Erkenntnis  schHesst  aber  leider  nicht  die  Folgerung  ein, 
dass  die  Erforschung  dièses  Geschehens  auch  empirisch  mogHch  sei. 
Denn  was  prinzipiell  erforschbar  ist,  ist  darum  noch  keineswegs 
auch  fiir  uns  empirisch  erforschbar.  Dies  ist  dadurch  bedingt,  dass 
wir  —  wie  oben  erortert  wiirde  —  durch  unsere  Sinnesorgane  fiir  die 
Wahrnehmung  âusseren  oder  inneren  Geschehens  nur  liberaus  man- 
gelhaft,  luckenhaft  ausgeriistet  sind,  und  dass  auch  unsere  Wahrneh- 
mungsapparate  âusserst  fehlerhaft,  ailes  Aufgenommene  qualitativ 
total  falschend,  angelegt  sind. 

III.   Ueber   die    "empirische"   Erforschbarkeit   des    organi- 

SCHEN    GeSTALTUNGSGESCHEHENS 

Wenn  wir  nun  naher  an  die  Frage  der  empirischen  Losbarkeit 
unserer  Aufgabe  herantreten,  so  erkennen  wir,  dass  bereits  die  vorste- 
hend  erwâhnten  Verhaltnisse  des  organischen  Gestaltungsgeschehens 
die  Ermittelung  der  Faktoren  und  Wirkungsweisen  desselben  aufs 
ausserste  erschweren,  wenn  nicht  unmoglich  machen  werden.  Denn 
wir  sahen,  dass  es  ausser  den  typischen  auch  atypische,  regidator- 
ische  Weisen  der  Herstellung  der  typischen  Produkte  giebt. 

Dazu  kommt  noch,  dass  es  fiir  viele  typische  Gestaltungen  auch 
noch  zweierlei  typische,  in  ihren  ursiichlichen  Wirkungsweisen  sehr 
verschiedene  Herstellungsmoglichkeiten  giebt.  Dies  gilt  von  den 
jenigen  Strukturen  und  iiusseren  Gestaltungen  der  Organe,  welche  den 
Erhaltungsfunktionen  angepasst  sind.  Dièse  sind  von  mir  als  "funk- 
tionelle"  Strukturen  und  Gestalten  bezeichnet  worden. 

Dièse  Einsicht  veranlasste  mich  seiner  Zeit,  fiir  jedes  Organ  und 
auch  fiir  jedes  einzelne  seiner  Gewebe  zwei  Perioden  der  typischen 
Ontogenèse  aufzustellen  (1881,  1895  II  S.  1064:  Perioden).  Erstens: 
die  Période  der  Bildung  ohne  gestaltende  Mitwirkung  der  Erhal- 
tungsfunktionen. Ich  nannte  dièse  erste  Période  descriptiv  a 
patiori  die  Période  der  Organanlage;  causal  ist  sie  als  die  Période 
der  selbstandigen,  das  heisst  von  den  Erhaltungsfunktionen  unab- 
hângigen  Gestaltungstatigkeit  zu  bezeichnen. 

Zweitens  die  Période  der  gestaltenden  Wirkung  der  Erhaltungs- 
funktionen, also  die  Période  der  funktionellen  Gestaltbildung,  wobei 
das  Wort  "funktionell"  sich  auf  die  Bildung  bezieht;  denn  funk- 
tionelle  Gestaltung,  der  Erhaltungsfunktion  angepasste   Gestaltung 
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wird  auch  durch  die  erstere  Période  hervorgebracht,  also  ohne  dass 
dièse  Funktion  an  der  Gestaltbildung  beteiligt  ist. 

Zwischen  beiden  Perioden  liegt  eine  Uebergangsperiode  der 
gleichzeitigen  Wirkung  beider  Prinzipien:  also  eine  Période 
doppelten  Bestimmtseins.  Dièse  Perioden  grenzen  sich  fur  jedes 
Organ  sowie  flir  jedes  seiner  verschiedenen  Gewebe  zu  anderer  Zeit 
ab,  schon  deshalb,  weil  die  Période  der  funktionellen  Gestaltbildung 
naturlich  erst  nach  dem  Beginne  der  Funktionierung  des  Gewebes  resp. 
Organes  beginnt.  Daher  ist  bei  jeder  der  derzeitigen  Erhaltungs- 
funktion  angepassten  typischen  Gestalt  und  Struktur  noch  zu  fragen 
und  zu  erforschen,  ob  dièse  Gestaltung  durch  die  gestaltenden  Wir- 
kunsjsweisen  der  ersten  oder  der  zweiten  Période  verursacht  worden 
ist,  oder  wie  weit  beide  Arten  des  Geschehens  beteiligt  waren  (s.  Roux, 
1906  b  S.  467  und  dessen  Schuler  Meyburg  S.  627). 

Es  sind  jetzt  zwei  Fragen  zu  behandeln  : 

Konnen  wir  iiberhaupt  unsichtbares  Entwicklungsgesehehen 
ermitteln?,  und 

Konnen  wir  die  verschiedenen  Hauptarten  desselben,  das  "ty- 
pische"  und  das  "atypische"  regulatorische  Geschehen  von  einander 
sondern,  und  jedes  als  solches  erkennen  ? 

Die  erste  Frage  angehend,  so  wurde  schon  erwiihnt,  dass  wir  das 
unsichtbare  Geschehen  nur  "  erschliesson  "  konnen  und  zwar  aus 
seinen  Ergebnissen  auf  experimentelle  Eingrifîe. 

Das  dazu  geeignete  Experiment  istalleindas  "analytische"  Expe- 
riment.  Eine  geistige  Analyse,  die  Zerlegung  des  Geschehens  in 
ursiichlich  verschieden  bedingte  Arten  des  Geschehens,  muss  dem 
Experiment  vorausgegangen  sind.  Im  allgemeinen  sind  daher  von 
jedem  Geschehen  die  besonderen  Faktoren  seines  Ortes,  seiner  Zeit, 
seiner  Grosse,  Richtung  und  zuletzt  erst  seiner  Qualitat  durch  solche 
analytischen  Versuche  in  Angrilï  zu  nehmen.  Dariiber  und  iiber  die 
Art  der  iVnstellung  solcher  Expérimente  sowie  iiber  die  Art  der  Deu- 
tung  ihrer  Ergebnisse  habe  ich  mich  wiederholt  geaussert,  sodass  wir 
hier  von  eingehender  Erorterung  absehen  konnen  (1894,  1897). 

Das  Prinzipielle  dieser  Forschung  ist  kurz  Folgendes  : 

1.  Aus  der  Tatsache  der  sofortigen  Aenderung  eines  Korperteiles, 
bei  Aenderung  oder  Entfernung  eines  anderen,  oder  aus  einer  der 
primârencten  der  resp.  Entfernung  nachfolgenden  Reaktion  eines  an- 
deren Telles  folgern  wir  als  Tatsache  eine  causale  Beziehung  zwischen 
beiden  Teilen,  wobei  es  zunachst  zweifelhaft  ist,  ob  sie  eine  direkte 
oder  eine  nur  indirekte,  durch  einen  dritten  Faktor  vermittelte  ist. 

2.  Aus  der  Art  der  soforten  Aenderung  oder  der  nachfolgenden 
Reaktion  konnen  wir  einen  Schluss  auf  die  Art,  d.  h.  auf  die  Wir- 
kungsweise  und  daraus  auf  die  Eigenschaft  des  reagierenden  Sub- 
strates ziehen.     Dieser  Schluss  ist  aber  nur  unbestimmt. 

3.  Die  Reaktionen  ein  und  desselben  Substrates  auf  verschieden- 
artige  Einwirkungen  gestatten   zusammen  einen  genaueren  Schluss 
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auf  die  Wirkungsweise  und  die  Beschaffenheit  des  reagierenden 
Suhstrates;  dies  besonders,  wenn  die  Ileaktionen  verschiedenartige 
sind.  Sind  sie  trotz  ursachlich  verschiedenartiger  Einwirkimg  gleich- 
artig,  so  bekunden  sie  dass  nur  Auslosungen  der  Tatigkeit  eines  noch 
in  sich  "  geschlossenen  "  Reaktionscomplexes  stattgefunden  haben. 

Die  Anwendung  "verschiedenartiger  analytischer  Versuche"  an 
demselben  Objekt  ist  daher  das  grosse  Mittel  ziim  Erschliessen  der 
"Art"  des  unwahrnehmbaren  Geschehens  und  der  Qualitat  seiner 
Faktoren  (s.  Roux,  1892  a  S.  440  oder  1895  II  S.  89  u.  S.  1015; 
1894  S.  14). 

Es  ist  nun  die  zweite  Frage  zu  erortern: 

Woran  konnen  wir  das  "typische"  Entwickkmgsgeschehen  vom 
atypischen  unterscheiden,  also  woran  ist  das  typische  Geschehen  als 
solches  zu  erkennen  ? 

Zunachst  ist  zu  erwiihnen,  dass  manche  Autoren  die  Unterschei- 
dung  einer  typischen  Entwickkmg  in  unserem  Sinne,  d.  h.  einer  On- 
togenèse, bei  welcher  ailes  Geschehen  régula tionslos  in  typisch  fest- 
bestiramten  Bahnen  verliiuft  von  vornherein  zuriickweisen.  Sie 
konnten  sich  darauf  stïitzen,  dass  eine  ohne  jede  Régulation  verlau- 
fende  individuelle  Entwickkmg  wegender  nie  ganz  fehlenden  storenden 
ausseren  Einwicklungen,  sei  es  auf  das  erst  in  der  Bildung  begriffene 
oder  auf  das  bereits  entwicklungstiitige  Keimplasma,  in  keinem 
Einzelfalle  streng  und  rein  vorkommen  kann. 

Trotzdem  aber  muss  die  causale  Forschung  ans  analytischen 
Griinden  typisches  also  regulationsloses  Entwickkmgsgeschehen  un- 
terscheiden, genau  so,  wie  die  descriptive  Anatomie  fur  die  geformten 
Produkte  des  Entwicklungsgeschehens  einen  Typus  der  Species,  die 
sogenannte  Norm,  aufstellt,  obgleich  es  kein  Einzelwesen  giebt,  in 
dem  nicht  mancherlei  Abweichungen  von  diesem  Typus  vorhanden 
sind. 

Denn  da  das  Typische  als  von  vornherein  genau  determinirtes 
Entwicklungsgeschehen  von  dem  regulatorischen  wesentlich  verschie- 
den  sein  muss,  so  muss  die  Forschung  auch  beide  môglichst  scheiden, 
sofern  beiderlei  Geschehen  in  einer  Ontogenèse  vorkommt.  Dies  muss 
selbst  in  den  Fallen  geschehen,  in  welchen  der  Anteil  der  typischen 
Gestaltungsweise  an  der  einzelnen  Ontogenèse  nur  ein  geringer  ist. 

Ich  vertrete  die  Ansicht,  dass  urspriinglich  die  Ontogenèse  in 
hohem  Masse  regulatorisch  war,  dass  erst  mit  der  Ausbildung  der 
"Sicherungen"  sowie  der  Schutzvorrichtungen  an  den  Eiern  gegen 
aussere  Einwirkungen  ein  typisch  strenger  Verlauf  der  Entwickkmg 
grossen  Anteil  an  der  Entwickkmg  gewann,  so  dass  die  Ontogenèse 
moglich  woirde,  und  erst  allmalig,  bei  den  hoheren  Lebewesen  einen 
allmalig  "fester  mechanisiert"  wairde  (1892  b). 

Es  muss  nun  aber  zunachst  erwiesen  werden,  ob  es  solches  nicht 
regulatorische  Entwicklungsgeschehen  giebt.  Woran  konnen  wir 
dièses  Geschehen  erkennen? 
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Es  ist  von  vornherein  denkbar,  dass  die  typischen  und  die 
atypischen,  speciell  regulatorischen  Entwicklungsvorgange  hochgradig 
von  einander  verschieden  sein  konnen.^  Denn  die  typische  Gestal- 
tungs  weise  kann,  weil  sie  fest  normiertes  (îeschehen  ist,  linter 
"Selbstdifferenzierung"  vieler,  sei  es  grosser  oder  auch  kleiner  Teile 
verlaufen  wenn  auch,  wie  ich  stets  betonthabe,  jeder  dieser  kleinsten 
Selbstdifferenzierungsbezirke  nur  durch  differenzierende  Wechsel- 
wirkungen,  durch  sogenannte  gestaltende  Correlationen,  seiner 
Unterteile  sich  differenziert.  Zu  dem  regulatorischen  Gestaltungs- 
geschehen  sind  dagegen  weitergreifende  gestaltende  Correlationen, 
namlich  zwischen  den  noch  typisch  beschaffenen  Teilen  und  den 
gestôrten  Teilen  oder  bei  Defekten  vielleicht  zwischen  allen  oder 
vielen  Teilen  unerlasslich  notig.  Dies  gilt  zum  mindesten  von  der 
regulatorischen  "Détermination"  der  Gestaltungen. 

Die  erstere  ]\Ioglichkeit  hat  sich  nun  bereits  bewahrheitet.  Denn 
Trolations-  und  die  Anstichversuche  an  Eiern  zeigten,  dass  vielfach 
Selbstdifferenzierung  von  Teilen  des  Keimes  vorkommt,  dies  sogar 
in  gewissem  Sinne  vom  hochsten  Grade,  indem  Selbstdifferenzierung 
jeder  der  beiden  ersten  Blastomeren,  sich  bekundete.  Ausserdem 
wurde  àuch  Selbstdifferenzierung  vieler  einzelner  spâterer  Zellen 
resp.  der  Komplexeihrer  Nachkommen  erkannt. 

Wenn  aber  ein  isolirter  Teil  eines  typischen  Ganzen  fur  sich 
allein,  somit  ohne  gestaltende  Einwirkung  des  anderen  Telles  dièses 
Ganzen  sich  zu  dem  seiner  Lage  im  Ganzen  entsprechenden,  typisch 
gestalteten  Abschnitte  entwickelt,  so  geschieht  dies  also  "ohne 
differenzierende  regulierende  Einwirkungen  "  der  librigen  Teile  des 
Ganzen  auf  ihn.  Derselbe  Schluss  ist  zu  ziehen,  wenn  der  eine  Teil 
des  Eies  zwar  nicht  ganz  entfernt  aber  abgetotet  oder  auch  nur  seiner 
eigenen  Entwickelungsfahigkeit  beraubt  ist  (s.  Roux  1905  S.  282, 
Stiebwort :  Selbstdifferenzierung). 

Die  Selbstentwicklung  eines  Eiteiles  liefert  somit  typische  Produkte 
ohne  regulierende  Einwirkung  des  Ganzen.  Daraus  folgt  mit  logi- 
scher  Notwendigkeit,  dass  die  betreffenden  Entwicklungsvorgange  von 
vornherein  inden  Blastomeren  typisch  determinirt  sind.  Und  ans 
dem  Vorkommen  solcher  Selbstdifferenzierung  folgt  weiterhin  trotz  des 
Widerspruchs  von  O.  Hertwig  und  H.  Driesch  mit  absolu  ter  Sicher- 
heit,  dass  es  eine  besondere  typische,  von  der  regulatorischen  ver- 
schiedene  Entwicklungsart  giebt.  Wie  verbreitet  dièse  im  Tierreich 
vorkommt,  ist  eine  specielle  Frage,  die  nur  durch  viele  experimentelle 
Einzelerfahrungen  beantwortet  wurden  kann.^ 

'  Von  den  atypischen  aber  nicht  regulatorischen  Gestaltungsvorgângen  sehen 
wir  hier  ab  ;  sie  bringen  Missbildungen  hervor,  die  uns  hier,  wo  uns  die  Erforsch, 
ung  der  Herstellung  der  "typischen"  Produkte  der  Entwickelung  beschâftigt- 
nicht  interessieren. 

^  Da  die  typische,  durch  '-'Selbstdifferenzierung  von  Teilen"  eines  Lebewesens 
charakterisierte  Entwickelung  erst  bei  hôheren  Lebewesen  z.  B.  Klenophoren, 
Amphibien  in  festerer  Weise  vorkommt,  habe  ich  gefolgert,  dass  sie  phylogenetisch 
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Wir  konnen  daher  den  allgemein  giiltigen  Satz  formulieren  : 

"  Selbstdifferenzierungsgeschehen  von  einzelnen  Teilen  "  eines 
Keimes  oder  Embryos,  welches  typische  Produkte  liefert,  ist  "in  der 
Haiiptsache  typisches,  "  das  heisst  regulationsfreies  Entwicklungs- 
geschehen.^ 

Es  sei  aber  sogleich  erwahnt,  dass  die  Selbstdifferenzierung  von 
Teilen  mindestens  in  irgend  einer  Instanz  oder  auch  in  mehreren 
iibergeordneten  Instanzen  stets  durch  differenzierende  Correlationen 
von  Unterteilen  aufeinander  bewirkt  werden  muss,  da  sich  nichts 
ganz  von  selber  verandern  kann,  und  da  die  individuelle  Entwickliing 
nicht  prinzipiell  niir  aus  lauter  Auslosungen  bestehen  kann,  wie  dies 
jedoch  Driesch  (1S94)  vertritt.  In  letzter  Instanz  muss  jede  Differen- 
zierung  durch  differenzierende  Wirkungen  von  Teilen  auf  einander 
hervorgebracht  werden  (Roux,  1896  d  S.  481,  1896  b,  1902  a). 

Ein  von  uns  ermittelter  Selbstdifferenzierungsteil  kann  noch  ein 
oder  mehrere  Mal  aus  der  Selbstdifferenzierung  fahigen  Unterteilen 
bestehen,  besonders  wenn  er  wieder  aus  Zellen  zusammengesetzt  ist. 

Durch  die  ermittelte  Selbstdifferenzierung  eines  Bezirkes  erfahren 
wir  aber  nur  etwas  liber  die  "Oertlichkeit"  seiner  Entwicklungsfak- 
toren,  namlich,  dass  mindestens  aile  zu  seiner  typischen  Entwicklung 
nôtigen  "  determinierenden  "  Faktoren  in  dem  Bezirke  gelegen  sind. 
Wir  erfahren  aber  nichts  liber  die  "wirkende  Beschaffenheit"  dieser 
Faktoren  und  liber  ihre  Wirkungsweisen. 

erst  spâter  erworben  ist,  wâhrend  frûher  das  regulatorische  Gestaltungsgeschehen 
die  Ontogenèse  beherrsclite,  und  zwar  je  frûher,  mit  um  so  weitgreifenderen 
Regulationen. 

Die  regulatorischen  Gestaltungsweisen  sind  demnach  phylogenetisch  das 
"priniâre"  Gestaltungsgeschehen  und  konnten  erst  mit  dem  zunehmenden  Scivutz 
des  Eies  vor  âusseren  stôrenden  Ein\\'irkungen  als  gewôhnliches  Vorlcommen 
eingeschrànkt  und  durch  f esters  Mechanisierung  ersetzt  werden. 

Ich  unterscheide,  soweit  eine  solche  Unterscheidung  uns  ûberliaupt  môglich 
ist,  zweierlei  Gruppen  von  Regulationen  in  der  Ontogenèse: 

Erstens  die  "normalen"  Regulationen  als  diejenigen,  welche  bei  der  normalen 
Entwicklung  vorkommen.  Unter  normaler  Entwicklung  ist  die  regelmàssig,  also 
in  mehr  als  50%  der  Fâlle  "  in  der  freien  Natur  vorkommende"  Entwicklung 
verstanden. 

Zweitens  "anormale,"  oder  abnorme  Regulationen,  welche  die  Regulationen 
der  ûbrigen  Fâlle,  also  die  bei  seltneren  und  wol  oft  auch  stârkeren  Stôrungen 
vorkommenden  Regulationen  umfassen. 

Driesch  will  statt  dieser,  wie  mir  scheint,  der  Sachlage  angemessenen  und  fiir 
sich  allein  verstândlichen  Bezeichnungen  anrlere  Namen  einfûhren;  statt  der 
normalen  Regulationen  die  Bezcichnung  primàre  Regulationen,  statt  anormale 
sekundâre  Regulationen. 

Ich  halte  dièse  Umtaufung  weder  fur  notig,  noch  auch  fur  gut,  da  dièse  Be- 
zeichungen  willkûrlich  und  ûberfliissig  sind  und  vielleicht  auch  der  Phylogenese 
widersprechen.  Denn  die  "jctzigen  "  anormalen  stârkeren,  nach  Driesch  sekun- 
dâren  Regulationen  sind  wol  eher  als  den  phylogenetisch  frûheren,  also  primâren, 
entsprechend  zu  beurteilen.  ♦ 

'■  Aber  an  und  in  jedem  solchen  einzelnen  Teile  konnen  natiirlich  auch  wieder 
Stôrungen  von  aussen  bewirkt  werden  oder  durch  innere,  schon  im  Keimplasma 
enthaltene  Abweichung  nach  Aktivierung  desselben  entstehen;  und  dièse  Stô- 
rungen konnen  mehr  oder  weniger  durch  regulatorische  Wirkung  der  nicht  ge- 
stôrten,  also  noch  typischen  Unterteile  dièses  Telles  ausgeglichen  werden. 
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Weiterhin  hat  sich  gezeigt,  dass  viele  dieser  Selbstdifferenzierungs- 
bezirke  sehr  klein  sind,  dass  sie  einzelne  Zellen  des  Soma  darstellen. 
Andererseits  ergab  sich  aiich,  dass  bestimrate  Complexe  von  Zellen, 
welche  vielleicht  Nachkommen  einer  und  derselben  friiheren  oder 
spiiteren  Furchungszelle  sind,  weitergehende  Selbstdifferenzienmgs- 
fiihigkeit  haben,  als  die  gleichfalls  der  Selbstdifferenzierung  fahigen 
nâchsten  Unterteile,  sodass  also  dièse  Unterteile  gleichzeitig  mit  ihrer 
Selbstdifferenzierung  aufeinander  differenzierend  wirken  und  so  die 
hohere  Differenzierung  des  ganzen  Complexes  bewirken. 

Bei  sehr  kleinen  Differenzierungsbezirken  sind  aber  die  einzelnen 
Unterteile  schwer  oder  gar  nicht  fiir  sich  allein  mechanisch  angreifbar 
und  alterierbar.  Ich  glaube  indess,  wir  brauchen  wegen  der  Klein- 
heit  dieser  Bezirke  noch  nicht  auf  ihre  "  Erschliessung,"  d.  h.  auf  Er- 
mittlung  von  zwischen  ihren  Unterteilen  stattfindenden  Wirkungen 
zu  verzichten.  Denn  wenn  hier  auch  die  mechanischen  ]\Iittel  der 
Abtrennung  sowie  der  Totung  oder  Verlagerung  von  uns  bestimmter 
Unterteile  oder  auch  die  bestimmte  kiinstliche  Déformation  des 
einzelnen  Bezirkes  versagen,  so  bleibt  uns  noch  das  ^Nlittel  der  che- 
mischen  Einwirkung.  Dièse  ist  allerdings  meist  diffus.  Ausserdem 
sind  noch  gleichfalls  diffuse  physikalische,  z.  B.  thermische,  elektrische 
etc.    Einwirkungen  anwendbar. 

Erfahrungsgemiiss  aber  wirken  aile  dièse  diffus  sich  verbreitenden 
Agentien  nicht  gleichmiissig  auf  das  in  seinen  Teilen  sehr  verschieden- 
artige  lebende  Substrat.  Sondern  einzelne,  besonders  qualifizierte 
Telle  desselben  werden  von  jedem  diffus  einwirkenden  Agens  in 
besonderer  Weise  und  StJirke  beeinflusst.^  Allerdings  miissen  wir 
naclî  solchen  diffusen  Einwirkungen  und  den  ihnen  folgenden  Reak- 
tionen  die  reagierenden  Telle  erst  ermitteln,  wahrend  wir  sie  bei  dem 
bestimmt  lokalisierten  mechanischen  Eingriff  wenigstens  der  Haupt- 
sache  nach  von  vornherein  kennen.  Aber  durch  die  conséquente 
methodische  AnW'cndung,  besonders  durch  "  successive  Anwendung 
verschiedener  solcher  diffusen  ]\Iittel  auf  dasselbe  Substrat  "  wird  es 
w^ohl  moglich  sein,  auch  das  Wirken  relativ  kleiner  Selbstdifferen- 
zierungsbezirke  unserem  Erkennen  zu  erschliessen.  Auf  dièse  Weise 
kann  manche  wichtige  analytische  Einsicht  gewonnen  werden.  Dies 
wird  in  âhnlicher  Weise  moglich  sein,  wie  es  dem  Chemiker  gelungen 
ist,  einen  gewissen  geistigen  Einblick  in  die  unsichbare  typische 
Struktur  der  Atomgruppirungen  der  chemischen  Verbindungen  zu 
gewinnen.  Wenn  ich  nicht  irre,  sind  Curt  Herbst,  Jaques  Loeb,  und 
ihre  Nachfolger  bereits  auf  einem  Wege,  der  bei  ausdauernder  Weiter- 
verfolgung  zu  solchen  wichtigen  feinen  analytischen  Ergebnissen 
fuhren  kann.^ 

'  So  erhielt  ich  z.  B.  durch  Ein^virkung  von  Borsaure  auf  Froschblastulae 
bei  geeigneter  Koncentration  nur  Abtôtung  der  Zellen  der  Medullarplatte  (Fram- 
boisia  medullaris,  Amyelia  und  "  Teleskopform  "  der  Xase.  1895  Bd.  II  S.  152, 
887). 

'  Die  Selbstdifferenzierung  abgegrenzter  Bezirke,  also  die  Selbstdeterminar 
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Woran  erkennen  wir  niin  aber  weiterhin  das  differenzierende  Ge- 
schehen  selber  als  "typisches,"  wenn  wir  einen  Selbstdifîerenzie- 
rungsbezirk,  wie  ibn  ja  auch  das  befruchtete  Ei  im  Ganzen  darstellt 
(Roux,  1884),  aufgeschlossen,  d.  b.  die  in  ihm  diirch  Wirkung  der 
Unterteile  aiifeinander  stattfindenden  Gestaltungsvorgange  auf  Griind 
von  Experimenten  mehr  oder  weniger  erschlossen,  also  iinserer  Kennt- 
nis  zugefuhrt  haben  ?  Dies  ist  iim  so  schwieriger,  als  es  moglich  ist, 
dass  die  Art  des  experimentellen  Eingriffs  die  Art  des  Reaktion 
alteriert. 

Fiir  dièse  fiindamentale  notige  Unterscheidung  giebt  es  leider 
keine  sicheren  allgenieinen  INIerkmale.  Nur  fiir  die  "Resultate"  der 
eigentlichen  Gestaltungsvorgange  lasst  sich  zur  Zeit  die  Wahrschein- 
lichkeitsregel  forraulieren  : 

Gestaltbiklungen,  \vek*he  nach  einer  experimentellen  Einwirkung 
auf  den  Keim  oder  Embryo  in  allen  Stadien  vollkommen  unter  den 
typischen  sichtbaren  Eormen-  und  Strukturwandlungen  erfolgen, 
werden  sehr  wahrscheinlich  auch  durch  die  "typischen"  Wirkungs- 
weisen  hervorgebracht. 

Dièses  "wahrscheinlich"  wiirde  durch  ein  "stets"  ersetzt  werden 
konnen,  wenn  wir  nicht  blos  das  grobere  das  tertiare  und  quaternare 
Gestaltungsgeschehen,  das  Ergebnis  des  primaren  und  sekundâren 
Geschehens  siihen,  sondern,  wenn  wir  wenigstens  noch  das  sekundjire 
Geschehen  beobachten  konnten. 

Im  Gegensatz  dazu  dlirfen  wir  sagen  : 

Gestaltbiklungen,  welche  unter  "  atypischen,"  sichtbaren  Formen- 
und  Strukturwandlungen  hergestellt  sind,  sind  siclier  mindestens 
teilweise  durch  atypische  Faktoren  und  atypisches  Wirken  her- 
vorgebracht. 

Die  "typischen  Formen-  und  Strukturwandlungen"  sind  dabei, 
entsprechend  der  oben  gegebenen  Définition  der  typischen  Ent- 
wicklung,  diejenigen,  welche  ohne  aile  iiusseren  determinierenden 
Einwirkungen  von  einem  typisch  beschaftenen  Ei  hervorgebracht 
werden   (s.  Roux  1905). 

In  dieser  fiir  jeden  Einzelfall  noch  viele  Zweifel  lassenden  Sachlage 
haben  wir  aber  noch  ein  weiteres  wesentliches  Mittel,  um  die  Zweifel 
zu  mildern  und  zu  grosserer  Sicherheit  fortzuschreiten.  Das  ist  die 
"successive  Anwendung  moglichst  verschiedenartiger  Einwirkungen 
auf  dasselbe  Substrat"  (Roux  1892  a  S.  440  ;  1895  S.  89, 1015  ;  1894  S. 

tion  der  "  kûnftigen  "  Entwickelung  dieser  Bezirke,  wird  aber  keineswegs  das 
einzige  Eigenartige  der  "typischen"  Entwickelung  sein.  Sondern  die  ditferen- 
zicrenden  Wechselwirkungen  innerhalb  dieser  Bezirke  werden  von  differenzieren- 
den  Vorgàngen  der  regulatorischen  Entwickekmg  derselben  Teile  wesentlich  ver- 
schieden  sein,  um  so  mehr  verschieden,  je  hochgradiger  die  Régulation  ist.  Das 
ergiebt  sich  schon  daraus,  dass,  wie  oben  dargelegt  wurde,  die  regulatorische 
Entwickelung  unter  "  weitergreifenden  "  differenzierenden  Wirkungen  statt- 
finden  muss,  sodass  die  in  der  Bildung  begriffenen  Telle  trotz  der  stattgehabten 
Storung  in  zu  dem  Uebrigen,  dem  bereits  Entwickelten  in  typisch  passender  Weise 
hergestellt  werden  konnen. 
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14).  Diejenigen  Folgerimgen,  welche  beikritischer  Interprétation  der 
einzelnen  unter  sich  verschiedenen  Versuche  als  das  Gemeinsame 
aller  Versuche  sich  ergeben,  haben  die  grossere  resp.  grosste  Wahr- 
scheinlichkeit  fur  sich. 

Mit  der  weiterschreitenden  Kenntnis  werden  wir  dann  also  aueh 
noch  das  bereits  als  "  wahrscheinlich  typisch"  zu  beurteilende  Ge- 
schehen  als  Basis  benutzen,  um  zu  priifen,  ob  bei  ahnlichen  Gestalt- 
bildungen  Ursachen  oder  Zeugnisse  fiir  Abweichungen  von  ihm 
vorhanden  sind. 

Um  dies  zu  erlâutern,  sei  noch  kurz  ein  Beispiel  angefiihrt.  Es  war 
beliauptet  worden,  der  Versuch,  in  dem  ich  mit  Zwangslage  Froscheier 
einige  Taj^e  uber  die  normale  Dauer  hinaus  in  ihrer  anfanglichen, 
von  selber  eingenommenen,  also  zunâchst  normalen  Lage  erhalten 
hatte,  hiitte  bewirkt,  dass  die  Entwicklung  mit  90-120°  abnormer 
Lage  der  Telle  des  Embryo  im  Verhaltnis  zur  Eiaxe  und  zu  den 
beiden  Eipolen  verlaufen  wjire.  In  diesem  Falle  miisste  aber  die 
Schwerkraft  hochgradig  in  abnormer  Weise  determinierend  und  dif- 
ferenzierend  gewirkt  haben.  Da  aber  meine  und  Borus  Versuche  mit 
Zwangslage  in  abnormer  Stellung  am  Anfange  der  Entwicklung  des 
Eies  ergeben  hatten,  dass  die  Schwerkraft  in  keiner  anderen  Weise 
als  nur  umordnend  auf  die  noch  grosse  Menge  leicht  gegeneinander 
verschieblicher,  halbfliissiger  ungleich  spezifisch  schwerer  eimassen 
wùrkt;  da  ferner  zu  unserer  Zeit  das  Ei  schon  in  Hunderte  von 
Zellen  zerlegt  war,  wodurch  das  Material  derartig  gegeneinander 
fixiert  i^t,  dass  eine  so  hochgradig  umordnende  Wirkung  der  Schwer- 
kraft nicht  mehr  moglich  ist,  so  konnte  die  Behaiîptung,  dass  durch 
die  fiir  dièse  spatere  Zeit  abnorme  Stellung  der  Eier  eine  hochgradig 
atypische  Entwicklung  bewirkt  worden  sei,  als  unwahrscheinlich 
zuriickgewiesen  werden. 

Da  ausserdem  aber  drittens  meine  Versuche  mit  bestimmt  loka- 
lisierten  Anstichmarken,  sowie  auch  mit  Pressung  der  Eier  zwischen 
senkrechten  Platten  (1888  b),  im  Wesentlichen  auf  dasselbe  erstere 
Ergebnis  der  Lokalisation  der  Embryoteile  im  Ei  hinwiesen,  so  war 
die  obige  Behauptung  sicher  als  unrichtig  erkannt  trotz  dem  erheb- 
liche  bei  verschiedenen  Froschspecies  vorkommende  Variationen 
in  ersterem  Sinne  denkbar  zu  sein  schienen  (s.  Roux  1905  S.  165). 

Dieser  Beweis  des  "typischen"  Geschehens  war  also  durch  Kom- 
bination  der  Ergebnisse  ganz  verschiedenartiger  Versuche  gewonnen. 

Ueberblicken  wir  das  Ergebnis  unserer  Erorterung. 

Es  hat  sich  gezeigt,  dass  die  Sachlage  in  erkenntnistheoretischer 
wie  empirischer  Beziehung  eine  iiberaus  complicierte  und  fiir  die 
entwicklungsmechanistische  Forschung  ausserst  schwierige  ist.  Er- 
stens,  da  das  typische  Gestaltungsgeschehen  von  vornherein  allein 
im  Keime  "determinirt"  ist.  zugleich  ein  Zustand  wie  er  âhnlich 
in  anorganischen  Verhiiltnissen  nicht  vorkommt;  zweitens,  da  dièse 
Determinationsf  aktoren  unsichtbar  sind  ;  drittens,  da  f  ast  allenthalben 
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entwickeltes  iind  unentwickeltes  noch  totipotentes  Material  zugleich 
vorhanden  ist  ;  viertens,  da  das  primare  of t  auch  noch  das  sekundare 
Wirken  unsichtbar  ist,  und  erst  die  Ergebnisse  dièses  Wirkens  wahr- 
nehmbar  sind.  Weil  infolgedessen  anch  unsichtbare  Variationen  der 
wirkenden  Teile  sichtbare  Variationen  der  Wirkungen  geben,  so 
werden  wir  auch  oft  mit  scheinbar  gleichem,  aber  in  WirkHchkeit 
iingleichem  Material  experimentieren  und  auch  aus  diesem  Grunde 
wechselnde  Ergebnisse  erhalten.  Dazu  kommt  noch  die  Hervor- 
bringung  der  "typischen"  Produkte  auf  zweierlei  sehr  verschiedene 
Weisen,  auf  typische  und  regulatorische  Weise. 

In  dieser  so  uberaus  schwierigen  Lage  hilft  nur  die  Anwendung 
sehr  verschiedenartiger  analytischer  Expérimente  an  demselben  Sub- 
strat und  die  in  so  grosser  Zahl  fortgesetzte  Wiederhokmg  der  Ex- 
périmente, dass  sich  zuletzt  auch  in  grosser  Majoritât  Gruppen  von 
bestiindigem  Wirken  ergeben,  bis  wir  doch  noch  "bestandige  Wir- 
kungsweisen"  erraittelt  haben.  Die  Bestiindigkeit  der  Reaktion  ist 
das  einzig  sichere  Merkmal  der  Richtigkeit  einer  ermittelten  causalen 
Beziehung,  einer  realen  Wirkungs weise/ 

Je  schwieriger  aber  unsere  Aufgaben  sind,  denen  an  Schwie- 
rigkeit  auf  den  anorganischen  Forschungsgebieten  kaum  etwas  ver- 
gleichbar  ist,  um  so  mehr  muss  es  uns  anreizen,  dièse  Schw^ierigkeiten 
durch  unablâssige  Arbeit  zu  iiberwinden. 

Infolge  dieser  Schwierigkeit  und  der  grossen  Zahl  der  Fehlerquel- 
len  ist  es  naturlich,  dass  fortwahrend  tiefgehende  IMeinungsverschie- 
denheiten  auftauchen.  Je  lebhafter  indess  der  Widerstreit  der 
Meinungen  entbrennt,  um  so  rascher  und  sicherer  wird  unsere  Er- 
kenntnis  fortschreiten. 

Solchem  Wettstreit  haben  wir  die  fur  die  kurze  Arbeitszeit  von 
wenig  mehr  als  zwei  Dezennien  uberaus  reichen  Ergebnisse  auf  un- 
serem  neuen  Arbeitsgebiete  zu  verdanken,  Ergebnisse,  an  welchen 
den  Forschern  dièses  Landes  ein  ganz  hervorragender  Anteil  zu- 
kommt. 

Arbeiten  wir  auch  an  sich  rein  um  der  Wissenschaft,  um  der 
Erkenntnis  willen,  so  ist  doch  die  Aussicht  nicht  verschlossen,  dass  die 
Ero-ebnisse  unserer  Arbeit  der  Menschheit  auch  praktisch  zu  Gute 
koramen  werden.     Wie  nach  Entdeckung  der  Ursache  einer  Krank- 

'  Dazu  ii»t  aber  nôtig,  dass  immer  dieselben  Faktoren  eliminiert  oder  alte- 
riert  werden,  und  dass  nicht  zugleich  noch  andere  Faktoren  abgeandert  werden. 
Es  ist  die  besondere  Schwierigkeit  der  "  analytischen  "  Forschung,  dies  zu  er- 
reichen.  Andernfalls  hat  man  ganz  andere  Versuche  angestellt,  als  man  woUte 
und  glaubte,  und  ist  daher  nicht  berechtigt,  aus  dem  dann  naturlich  auch  ande- 
ren  Ergebnis  Schlûsse  auf  die  Unrichtigkeit  der  abweichenden  Ergebnisse  anderer 
Autoren  abzuleiten,  wie  dies  jetzt  noch  z.  B.  gegenliber  machen  meiner  analyti- 
schen Versuche  geschieht,  nachdem  allmâhlich  die  Ergebnisse  mehrerer;  wie  die 
Halbbildungen,  die  Postgeneration,  die  bei  den  nicht  am  Boden  festsitzenden 
Tieren  nicht  "  typische  "  Gestaltungen  determinierende  oder  realisierende  Wir- 
kung  der  Schwerkraft,  der  Cytotropismus  und  die  sonstigen  "  Selbstordnungen  " 
der  Zellen,  die  Wirkung  der  Befruchtung  auf  eine  "typische  "  Bestimmung  der 
Medianebene  im  Frosch  u.  a.  Bestàtigung  gefunden  haben. 
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beit  die  Heilung  derselben  mit  mehr  Erfolg  in  AngrifF  genommen 
werden  kann,  so  wird  auch  nach  der  Erkeiintnis  von  Faktoren, 
z.  B.  des  ^Yachstllms  oder  der  Differenzierung  von  Tielen  des  ]\Ien- 
schen  solches  Geschehen  auch  eher  von  uns  beeinflusst  werden  kon- 
nen.  Wenn  wir  auch  nicht  den  Homuncukis  in  der  Retorte 
hervorbringen  konneii,  so  werden  wir  doch  vielleicht  lernen,  den  auf 
die  naturhche  Weise  zum  Entstehen  gebrachten  jNIenschen  wahrend 
seiner  postembryonalen,  oder  schon  wahrend  der  embryonalen  Ent- 
wickkmg  in  mancher  Beziehung  gunstig  zu  beeinflussen.  Da  aber 
die  Entwickkmg  eines  Lebewesens  im  hauptsachhchsten  "Selbst- 
differenzierung"  seines  Keimes,  also  Ausbildung  der  in  dem  Keim 
enthaltenen  Ankigen  ist,  werden  wir  zwar  die  Entwickekmg  nie  in 
ihrer  Art  geradezu  "  beherrschen  "  konnen.  Das  schhesst  jedoch 
nicht  aus,  dass  wir  lernen  werden,  sie  nach  gewoUten  Richtungen 
hin  zu  beglinstigen  und  fehlerhafte  Anlagen  mit  erhebhch  mehr 
Erfols:  als  bisher  zu   verbessern. 

So  sehen  wir  ausser  nie  endender  wissenschaftHcher  xA.rbeit  mit 
dem  Erfolge  stetiger,  wenn  auch  nur  assymptotischer  Anniiherung  an 
die  Wahrheit  auch  noch  ein  hohes  Ziel  praktischen  Nutzens  fiir  die 
]\Ienschheit  vor  uns.  ]\Ioge  der  jetzige,  mit  viel  Einsicht  und  Sorgfalt 
vorbereitete  Kongress  eine  dauernd  wichtige  Etappe  auf  der  Bahn 
dièses  Fortschrittes  sein.* 
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THE   STIMULI  OF  RESTITUTIONS 

(Address) 
HANS  DRIESCH 

When  I  acceptée!  tlie  invitation  to  deliver  at  this  Congress  the 
opening  address  in  the  section  for  Expérimental  Zoology,  I  not  only 
fnlly  recognized  the  great  honor  conferred  on  me,  bnt  I  also  felt 
very  glad  to  hâve  an  opportunity  of  speaking  pubUcly  to  my  fellow- 
experimenters  of  this  country.  For,  though  I  hâve  never  crossed 
the  Atlantic  before,  America  is  very  familiar  to  me.  It  is  hère  that 
the  science,  to  which  the  work  of  my  life  is  devoted,  lias  most  fully 
grown  np,  grown  up  indeed  into  a  branch  of  biology  officially  ac- 
knowledged  ;  it  is  in  America  and  in  America  alone,  that  even  the 
young  génération  of  biologists  is  really  and  thoroughly  instructed  in 
expérimental  zoology.  The  old  world,  it  is  true,  laid  the  foundations 
of  this  science,  but  in  the  new  world  more  than  anywhere  thesa 
foundations  hâve  been  crowned  with  an  imposing  superstructure. 
Thus  it  comes  about  that  I  meet  the  greatest  part  of  my  scientific 
friends  over  hère  in  America  —  and  I  am  happy  to  know  and  to  say, 
not  scientific  friends  only. 

When  debating  what  would  be  the  best  way  to  address  this  section 
I  soon  found  that  an  assembly  of  zoological  experimenters  would 
hardly  be  the  right  place  to  give  a  gênerai  summary  of  what  "  Ent- 
wickelungsmechanik"  is,  and  what  its  separate  problems  mean. 
For  ail  of  you  know  that,  perfectly  well,  and  most  of  you  probably 
also  know  my  personal  opinions  about  thèse  topics.  Therefore  I 
thought  it  would  be  more  useful  for  you,  as  well  as  for  myself,  to 
deliver  a  summary  of  the  facts  and  problems  of  a  spécial  and  limited 
field  of  research  only.  I  hâve  selected  the  "  Stimuli  of  Restitutions," 
as  the  branch  of  our  science  to  be  discussed  hère,  as  it  is  my  convic- 
tion that  there  is  no  other  branch  of  expérimental  zoology  which  is 
more  problematic  at  présent,  and  requires,  at  least  hypothetically, 
elucidation  in  a  higher  degree. 

I  shall  call  "  restitutions"  ail  kinds  of  restoration  of  disturbances, 
in  organization  ;  "  régénération  "  will  then  serve  to  describe  a  subclass 
onlv  of  restitution,  that  being  our  most  gênerai  term.  It  is  indiffèrent 
for  our  future  remarks  in  what  spécial  manner  restitution  is  accom- 
plished  :    it  may  occur  by  compensatory  hypertrophy,  or  heterotypy, 
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or  })y  redifferentiation,  or  by  adventitious  budding,  or  by  régénération 
proper  (tliat  is  by  a  budding  proccss  from  a  wound). 

What  then  are  the  stimuli,  which  call  forth  restitution  in  tins  wide 
meaning  of  the  word  ? 

At  the  first  glanée  there  might  seem  to  be  a  very  simple  answer  to 
this  question:  the  opération,  of  course,  which  lias  disturbed  organi- 
zation  is  the  stimulus  of  its  being  restored  again.  No  doubt  that  is 
true;  but  you  will  allow  me,  I  hope,  to  formulate  our  problem  a  little 
more  profoundly. 

We  want  to  know  what  "  disturbance  of  organization  "  really 
signifies  with  regard  to  the  concept  of  organization  as  such.  In 
other  words  :  we  want  to  learn  what  it  really  is,  in  the  act  of  disturb- 
ing,  that  calls  forth  restoration  ;  whether  it  is  this  act  in  its  very 
specificity,  or  only  part  of  this  act,  or  some  physiological,  or  even 
physico-chemical,  conséquences  of  it,  which  might  be  rather  loosely 
connected  with  the  disturbance  of  organization  itself. 

Our  problem  may  hâve  a  more  simple,  or  a  more  complicated 
aspect,  according  as  one  certain  condition  is  wanting  or  not.  When- 
ever  the  locality  of  the  restitution  is  identical  with  the  locality  of  the 
disturbance  (as  is  the  case  in  régénération  proper)  there  is,  of  course, 
no  need  to  seek  for  the  connection  between  the  différent  localities 
about  which,  of  course,  we  shall  hâve  to  inquire  whenever  disturbance 
and  restitution  occur  at  différent  places  of  the  whole.  In  the  latter 
case  the  problem  of  connection  might  seem  to  become  a  problem  in 
itself,  as  indeed  I  myself  hâve  regarded  it  before  now/  But  I  think 
we  may  be  entitled  to  regard  it  as  a  question  of  secondary  impoi*tance 
at  présent,  and  therefore  shall  consider  it  only  hère  and  there. 

Starting  from  my  own  previous  researches,  I  might  deal  with  our 
subject  in  a  purely  dogmatic  way:  I,  indeed,  might  base  our  future 
study  upon  what  I  hâve  called  "  complex-equipotential  Systems"  and 
upon  the  analysis  of  the  genesis  of  thèse  Systems,  from  which,  I 
believe,  I  hâve  gained  a  proof  of  the  autonomy  of  life. 

Thus,  as  very  many  restitutions  occur  on  the  basis  of  such  complex- 
equipotential  Systems,  I  might  take  their  autonomous,  their  vitalistic 
character  for  granted  from  the  very  beginning,  and  moreover  my 
theory  of  the  harmonious-equipotential  system  might  help  me  for  the 
same  purpose. 

But  I  shall  not  proceed  like  this,  in  what  follows.  I  shall  ignore 
my  own  previous  theoretical  remarks  and  results  completely,  and 
shall  try  to  enter  into  the  discussion  of  our  new,  and  spécial,  problem 
without  any  prepossessions  at  ail. 

1.   Can  the  mère  existence  of  a  wound,  as  the  mark  of  an  abnormal 

relation  of  certain  parts  of  the  organism  with  regard  to  the  médium, 

be  taken  as  the  "  stimulus"  of  any  restitution  in  our  sensé  ?    It  seems 

to  me  that  three  différent  kinds  of  arguments  réfute  this  most  simple 

'  Die  Organischen  Regulationen,  Leipzig,  p.  110,  1901. 
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type  of  the  différent  théories  in  question.  Firstly,  the  theory  would 
not  hold  for  those  restitutions  which  do  not  start  from  the  wound, 
nor  for  cases  of  what  my  friend  Prof  essor  INIorgan  calls  "  morphol- 
laxis."  Secondly  in  the  case  of  the  adventitious  restitution  of  the 
lens  in  the  eye  of  Amphibia,  Wolfî  '  has  shown  that  wounding  the  iris 
does  not  lead  to  the  formation  of  a  new  lens,  as  long  as  the  old  one  is 
présent,  and  that,  on  the  other  hand,  the  lens  may  be  removed  without 
wounding  the  iris  in  any  way  and  will  always  be  restituted  from  the 
latter.  Finally,  the  theory  in  question  will  hâve  to  assume  that  the 
différent  parts  of  the  organism  were  each  endowed  with  quite  a 
spécifie  and  limited  restitutive  power  and  were  only  waiting,  so  to 
speak,  for  contact  with  the  médium,  or  at  least  with  one  of  its  factors, 
in  order  to  bring  their  power  or  potency  into  action.  But  the  cells 
of  the  organism  are  well  known  not  to  l3e  endowed  with  the  faculty 
of  performing  one  quite  limited  restitutive  action  exclusively,  and  the 
agents  of  the  médium,  as  for  instance  oxygen,  or  a  certain  moisture, 
or,  in  marine  animais  and  plants,  a  certain  salinity,  are  quite  insuffi- 
cient  from  a  logical  point  of  view,  to  account  for  a  very  typical  and 
specialized  resuit,  varying  in  every  case  as  the  conditions  of  the  opéra- 
tion require,  since  those  agents  are  anything  but  specialized  themselves. 
You  might  answer  to  the  last  argument,  that  a  "stimulus"  does  not 
need  to  be  specialized,  and  you  would  be  right  to  say  so  in  gênerai; 
but  in  our  case,  as  mentioned  already,  you  are  faced  by  the  well- 
founded  fact  that  the  cells  of  the  organism  hâve  each  more  than  one 
restitutive  faculty."  The  stimulus,  therefore,  must  account  for  only 
one  of  them  being  set  into  action  and  not  the  others,  and  the  gênerai 
factors  of  the  médium  could  never  be  responsible  for  that. 

Therefore  the  wound  as  such,  in  its  mère  property  of  being  a 
"  wound,"  is  certainly  not  the  stimulus  of  restitutions. 

2.  Next  in  simplicity  to  the  theory  just  dismissed  is  the  hypothesis 
that  the  stimulus  of  restitutions  is  given  by  the  removal  of  certain 
mechanical  obstacles. 

In  the  first  place,  the  arguments  already  brought  forward  to  dis- 
prove  the  importance  of  the  wound  as  a  restitution  stimulus,  enter 
the  lists  again.  In  adventitious  restitution,  and  in  ail  kinds  of  morphol- 
laxis,  restitution  goes  on  at  a  distance  from  the  place  of  the  opération 
and,  moreover,  removal  of  mechanical  obstacles,  as  a  mère  stimulus, 
could  never  account  for  the  specificity  of  what  is  restored,  on  the  basis 
of  a  material  capable  of  more  than  one  restitutive  action  with  regard 
to  its  single  éléments.  But  there  are  also  certain  positive  expérimental 
results  which  directly  show  that  the  removal  of  obstacles  has  nothing 
whatever  to  do  with  the  restitutive  stimulus.    Braus  ^  has  found,  in 

>  Arch.  f.  Anat,  63,  p.  1,  1903. 

2  Whether  the  underlying  "systems"  are  of  the  harmonious  or  of  the  com- 
plex-equipotential  type. 

>  Anat.  Anz.,  26,  p.  433,  1905. 
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the  course  of  his  grafting  experiments  on  tad pôles,  that  if  a  foreleg 
was  grafted  upon  the  place  of  a  removed  hindkg,  the  latter  was 
regenerated  in  spite  of  the  "  mechanical  obstacle"  being  présent,  and 
INIiehe  '  has  carried  ont  a  very  suggestive  experiment  ou  the  alga  Cla- 
dophora.  Life  is  life,  and  so  I  hope  you  will  allow  nie  to  make  excur- 
sions into  botany.  Miehe  plasmolyzed  his  plant,  and  the  plasma  of 
each  cell,  after  having  retired  from  the  wall  to  a  certain  extent,  then 
formed  a  new  membrane  around  its  reduced  volume.  This  process 
was  allowed  to  go  on  for  a  while  and  the  plants  were  brought  back 
into  ordinary  osmotic  conditions,  and  then  each  single  cell  grew  out 
separately  into  a  whole  (little)  plant  —  (ail  of  thèse  plants  preserved 
the  original  polarity)  —  in  spite  of  the  gênerai  mechmiical  conditions 
being  unaltered.  It  certainly  was  something  else  than  the  removal  of 
mechanical  obstacles  that  had  stimulated  restitution  in  this  case. 
This  point  will  interest  us  once  more  hereafter. 

Pathologists,  in  particular,  hâve  been  and  are  partisans  of  the 
*'  removal  of  obstacles  theory,"  and  there  certainly  are  a  few  cases 
where  certain  tissues  are  found  to  be  under  a  certain  pressure  and  are 
seen  to  enlarge  and  to  divide  if  the  pressure  ceases.  But  that  is  nothing 
to  be  compared  with  restitution  proper.  And,  moreover,  as  IMorgan  - 
well  said  once,  the  first  process  in  ail  restitution  generally  is  the 
healing  of  the  wound  ;  but  that  means  that  even  before  actual  restitu- 
tion begins,  the  "mechanical  obstacles"  themselves  are  rcstored  as 
soon  as  possible  ;  their  being  removed  therefore  cannot  be  the  stimulus 
of  restitution. 

A  view  which  is  rather  nearly  related  to  the  obstacle-theory  proper, 
has  been  advocated  byPrzibram,^  by  which  the  "  habituelle  Turgor" 
of  the  organism  is  lost  in  restitution,  which  is  regarded  as  simply 
normal  growth,  at  an  increased  rate.  Let  me  reply  to  this  statement 
in  the  first  place  by  saying  that  restitution  is  not  merely  growth,  but 
difFerentiation,  and  that  we  need  a  stimulus  for  the  latter.  Przibram 
maintains  that  each  regenerate  is  the  "  sum  of  the  régénérâtes  grown 
from  the  single  élément  of  the  wound,"  and  he  refers  to  the  well- 
known  cases  of  double  régénération,  to  be  discussed  more  fully  here- 
after. But  it  seems  to  me  that  double  régénération  really  afïords  the 
strongest  argument  against  such  a  view,  for  it  is  well-known  that 
part  of  a  cross  section  is  able  hère  to  form  a  whole  regenerate  in  mini- 
ature, as  is  also  most  clearly  shown  in  récent  experiments  of  God- 
lewski,*  carried  out  on  the  newt,  and  in  the  formation  of  two  heads 
in  Planaria.     Thus,  even  in  double  régénération,  the  product  of 

'  Bei.  d.  Bot.  Ges.,  Bd.  23,  p.  257,  1905. 

2  Journ.  Exp.  Zool.,  Vol.  3,  p.  457,  1906.  The  same  argument,  of  course, 
holds  against  the  "wound  theory,"  most  of  the  régénération  tissues  is  formed 
when  there  is  no  longer  a  "wound"  at  ail. 

3  Arch.  Entw.  Mech.,  Bd.  22,  p.  207,  1906. 
*  Bull.  Acad.  Cracovie,  p.  492,  1904. 
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each  act  of  restitution  is  not  a  sum  but  a  spécifie  totality.    No  kind 
of  merely  mechanical  altération  can  ever  be  the  stimulus  of  that. 

3.  Changes  in  conditions  of  nutrition  form  a  third  theory  about 
the  stimuli  of  restitutions.  This  doctrine  generally  starts  from 
thc  phenomena  of  so-called  compensatory  hypertrophy.  But  most 
probably  it  is  not  even  true  for  the  most  simple  cases  of  thèse  com- 
paratively  simple  phenomena.  There  is  one  gênerai  fact,  most  advan- 
tageously  to  be  studied  in  plants,  i.  e.,  that  it  is  always  the  most 
active,  the  youngest,  the  growing  parts,  which  by  their  physiological 
activity  direct  the  stream  of  nourishing  fluids  to  themselves  and  may 
even  lead  it  away  from  other  less  active  parts,  which  then  may  die. 
The  nourishing  fîuid  is  never  the  primary  factor.  It  never  turns  the 
growing  parts  into  passivity.  Nemec  '  in  his  fine  experiments  on  the 
restitution  of  the  root-tip,  entirely  excluded  the  possibility  that  con- 
ditions of  nutrition  were  concerned  in  stimulating  the  process  in  any 
way.  As  to  animais,  Morgan  -  has  directly  shown,  recently,  that  the 
rate  of  régénération  with  regard  to  the  processes  of  difïerentiation 
proper  is  the  same,  whether  the  trunk  of  the  organism  is  fed  or  not, 
only  the  absolute  amount  of  regenerated  substance  may  be  a  little 
larger  in  the  first  case.  Some  well-known  experiments  of  Zeleny's  ^ 
also  deserve  mention  in  this  connection.  Zeleny  found  that  in  ophiu- 
rids  there  is  more  material  regenerated  by  each  single  one  of  the  arms 
respectively,  if  four  arms  are  eut  ofï  together,  than  if  only  one  of  them 
is  taken.  Zeleny  certainly  was  right  in  explaining  this  case,  and 
several  similar  ones,''  in  part,  at  least,  by  the  fact  that  the  smaller  the 
trunk  of  the  restoring  organism,  the  more  material  will  there  be  avail- 
able  for  régénération  But  the  amount  of  material  only,  not  the  decjree 
of  difïerentiation,  cornes  into  account  hère  and,  moreover,  Zeleny 
assumes  some  other  factors  to  be  at  work  hère  besides  mère  nutrition. 

4.  Thus  the  quantitative  conditions  of  nutrition  seem  absolutely 
unable  to  form  the  stimulus  of  restitutions  in  any  way:  they  are 
"means"  for  the  process  of  restitution,  but  nothing  more.  The 
question  now  arises  whether  qualitative  peculiarities  in  the  nourishing 
fluids  of  animais  or  plants  might  in  some  cases  represent  that  stimu- 
lus? The  opération  might  hâve  removed  a  part  of  the  organization 
whose  function  it  was  to  store  up  a  certain  product  of  metabolism. 
Storing  now  becomes  impossible  and  thus  the  composition  of  the 
nourishing  fluid  is  definitively  altered.  In  adaptive  correspondence 
to  such  altération  there  now  might  be  expected  to  originate  a  new 
organ,  suitable  for  storing  the  material  in  question  again.     Then 

>  Studien  unter  die  Régénération,  Berlin,  1905. 

2  Journ.  Exp.  ZooL,  3,  p.  457,  1906. 

3  Biol.  Bull.  6,  p.  12,  1903,  and  Journ.  Exp.  Zool.,2,  p.  347,  1905. 

*  But  there  are  many  other  cases  in  which  restitutions  that  occur  in  différent 
localities  of  the  organism  at  the  same  time,  do  not  influence  each  other  with  re- 
gard to  their  rate.  See,  for  instance,  Driesch,  Arch.  Entw.,  20,  p.  21,  1905,  and 
tlie  paper  of  Morgan's  referred  to  in  note  2. 
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what  seemed  to  be  a  real  "  restitution"  of  organization  would  actually 
be  the  resuit  of  an  adaptation,  and  the  whole  process  of  restitution 
would  seem  to  be  explained  away. 

Of  course  this  whole  reasoning  could  never  be  applicable  to  ail 
cases  of  restitution,  though  it  might  seem  able  to  explain  some  of  them  : 
it  therefore  will  sufïice  to  réfute  this  hypothesis  for  that  case  where  it, 
a  priori,  might  seem  to  be  more  adéquate  than  in  any  other.  Vocht- 
ing,'  several  years  ago,  carried  out  a  very  important  séries  of  restitu- 
tion experiments  in  plants,  in  which  either  bulbs  already  existing 
were  forced  to  form  part  of  the  stem,  or  in  which  bulbs  were  caused 
to  originate  in  abnormal  positions,  after  the  normal  bulbs  had  been 
removed.  In  the  latter  case  the  conditions  of  our  theoretical  discussion 
are  realized.  The  organs  fitted  to  store  the  starch  of  the  nourishing 
sap  might  be  expected  to  originate  adaptively.  But,  at  least  in 
many  cases,  typically  starch-storing  cells,  in  other  words,  t}^ical 
restitutive  bulbs,  were  formed  in  abnormal  places,  without  any  trace 
of  starch  being  présent  in  them.  Thus  the  organ  was  there  previous 
to  functioning  and  therefore  not  in  adaptational  corrélation  to  the 
latter. 

5.  But  we  are  led  almost  imperceptibly  to  the  next  group  of 
restitution  théories,  to  a  group  that  plays  a  great  part  especially  in 
this  country,  Child  and  Holmes  being  its  chief  représentatives;  in 
Germany  the  botanist  Klebs  has  advocated  a  rather  similar  view. 
The  outlines  of  the  theory  in  question  may  be  summarized  as  follows. 
There  are  no  proper  stimuli  of  restitutions,  for  there  are  no  restitu- 
tions proper,  ail  so-called  restitutions  being  in  truth  either  the  physio- 
logical  efïects  corresponding  to  an  altération  of  the  gênerai  conditions 
of  functioning,  in  a  so-called  adaptive  sensé,  or  the  efïect  of  mère 
physico-chemical  agents.  In  a  sensé  we  might  say  that  the  theory  in 
question  résolves  ail  restitution  into  what  Roux  has  called  "  funk- 
tionelle  Anpassung."  Let  us  therefore  begin  our  discussion  by 
showing  that  not  even  the  simplest  case  of  restitution,  the  so-called 
compensatory  hypertrophy,  is  capable  of  being  conceived  as  a  func- 
tional  adaptation.  Ribbert  ~  proved  that  the  mammae  and  the  sexual 
organs  of  rabbits  show  the  process  of  compensatory  hypertrophy  after 
the  removal  of  one  of  them,  before  there  is  any  functioning  at  ail. 
Of  course  with  regard  to  the  very  remarkable  instances  of  a  true 
compensatory  hypertrophy  (as  fîrst  discovered  by  Przibram  ^  in  Al- 
pheus,  and  after  that  by  Zeleny  *  in  Hydroides  and  in  plants),  the 
possibility  of  their  being  due  to  functional  adaptation  would  hardly 
come  into  one's  mind  from  the  very  beginning. 

In  a  long  séries  of  fine  experiments,  almost  ail  carried  out  on 

»  Jahrb.  vnss.  Bot.,  34,  p.  1,  1899. 

2  Arch.  Entw.  Mech.,  1,  p.  69,  1894. 

3  Arch.  Entiv.  Mech.,  11,  p.  321,  1901;   13,  p.  507,  1902. 

^  Arch.  Entw.  Mech.,  13,  p.  597,  1902,  and  Journ.  Exp.  Zool.,  2,  p.  1,  1905. 
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flatworms  and  the  actinian  Cerianthiis,  Child  *  has  tried  to  give  a 
Sound  and  solid  foundation  to  the  view  that  it  is  functioning,  or  mère 
mechanical  factors  that,  by  functional  adaptation  or  by  mère  pres- 
sure and  tension,  lead  to  a  restoration  of  disturbed  organization,  but 
nothing  else.  The  proper  concept  of  restitution  as  a  something  in 
itself  would,  indeed,  be  destroyed  if  such  a  doctrine  were  true,  and 
therefore  of  course,  there  would  no  longer  be  any  problem  of  the 
"  stimuh  of  restitution."  I  fuUy  grant  that  Child  has  proved  the  im- 
portance which  mechanical  conditions  of  movement,  directly  or  in- 
directly,  may  hâve  for  an  organism's  attaining  its  typical  exterior 
form-outhnes,  the  so-called  "normal"  form,  with  regard  to  mère 
spatial  geometry,  and  I  may,  hypothetically,  admit  also,  that  in  a  few 
cases  the  so-called  formative  influence  of  the  nervous  System  on 
restitution,  has  been  shown  by  him  to  be  indirect  only,  though  in  most 
cases  the  question  seems  to  me  to  remain  in  at  least  an  ambiguous 
condition.  But  Child's  doctrine,  in  my  opinion,  is  far  from  havinga 
gênerai  and  universal  application.  It  quite  certainly  does  not  dépend 
on  simple  mechanical  conditions  of  movement,  if  part  of  the  blastula, 
or  gastrula,  of  Asterias  develops  into  a  whole  animal,  if  Tubularia 
shows  the  v^ell-known  types  of  restitutions,  or  if  the  isolated  branchial 
apparatus  of  Clavellina  is  first  reduced  to  a  spécial  mass  and  after- 
wards  grows  ont  into  a  whole  ascidian.  And  the  theory  absolutely 
fails  to  explain  the  origin  of  newly  produced  régénération  tissue,  and 
the  first  steps  of  difîerentiation  in  it,  for  ail  that  occurs  previous  to 
ail  functioning  and  only  for  functioning.  But  to  speak  under  the 
title  of  "functions"  or  "functional  conditions"  of  gênerai  circum- 
stances  of  an  unknown  character,  under  which  there  occur  certain 
morphogenetic  reactions  on  the  part  of  the  organisms,  is  simply  to 
state  the  problem  in  another  form."  The  question  of  restitution  and 
its  stimuli  remains  where  it  was.  Thus  I  am  only  able  to  assert  that 
Child  has  eliminated  from  the  problem  of  restitution  some  spécial 
features  of  secondary  importance.  Thèse  problems,  in  fact,  he  may 
be  said  to  hâve  solved  to  a  certain  extent. 

Klebs^  bases  his  physiological,  or  functional,  theory  of  restitu- 
tion in  the  main  upon  one  experiment.  The  willow,  as  ail  of  you 
know,  is  able  to  restore  a  whole  plant  from  shoots  taken  from  any 
région  of  its  stem,  by  producing  adventitious  branches  and  roots 

»  Child  has  giiven  a  gjood  summary  of  lus  views  in  Arch.  Entw.  Mech.,  20,  p.  350, 
1906;  and  in  Journ.  Exp.  Zool,  3,  p.  559,  1906.  The  full  literature  will  be 
found  in  thèse  publications. 

2  It  did  not  escape  me,  as  Child  believes  (Arch.  Entw.,  24,  p.  131,  1907),  that 
the  Word  "function"  is  used  by  him  in  the  usual  and  in  a  very  much  wider  sensé. 
But  I  did  not  refer  to  the  latter,  as  it  is  absolutely  empty  and  almost  meaning- 
less.  An  analysis  of  a  few  points  of  Child's  "Corrections  and  Criticisms"  will 
be  found  elsewhere,  and  I  only  mention  hère  that  he  completely  misunderstands 
the  concept  of  the  harmonious-equipotential  system. 

^  Willkurliche  Entn  iddungsànderungen  bei  Pflanzen.,  Jena,  1903,  and  Biolog. 
CentralUatt,  24,  p.  257,  1904. 
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respectively.  Now  Klebs  found  that  certain  varieties  of  Salix  were 
able  to  prodiice  adventitious  roots,  without  any  kind  of  disturbance  or 
opération,  wherever  the  bark  of  their  stems  was  wetted  by  water.  So- 
called  "  restitution,"  he  therefore  states,  is  nothing  but  a  reaction  to 
certain  physiological  conditions.  But,  not  to  mention  the  fact  ad- 
mitted  by  Klebs  himself,  that  such  an  experiment  woukl  fail  even  to 
satisfy  the  theoretical  needs  in  almost  ail  other  cases  of  restitution, 
in  particular  among  animais,  his  very  interesting  discovery,  even  for 
the  actual  case,  seems  to  me  to  allow  of  other  kinds  of  interprétations. 
We  either  might  assume  that  the  stem  of  Salix  possesses  the  primary 
faculty  of  reacting  to  a  certain  degree  of  moisture,  adaptively,  by  the 
production  of  roots,  just  as  it  possesses  the  primary  faculty  of  restitu- 
tion (though  the  "  inner  conditions"  established  by  an  opération  and 
causing  roots  to  appear  at  one  pôle  of  the  shoot  are  by  no  means 
identical  with  the  "inner  conditions"  established  by  moisture^),  or 
we  could  assume  that  the  real  ultimate  stimulus  is  the  same  in  both 
cases,  but  does  not  relate,  as  Klebs  believes,  to  adaptation  but  to 
restitution;  which  would  be  just  the  contrary  to  the  views  of  Klebs 
himself.  We  shall  hâve  occasion  to  corne  back  to  this  hypothesis 
under  another  heading. 

6.  We  come,  finally,  to  a  doctrine  which  was  first  advocated  by 
Sachs  '  and  afterwards  accepted  by  Jacques  Loeb.  I  am  speaking 
of  the  theory  of  form-building  substances.  The  starting  point  of  this 
doctrine  was  the  fact  discovered  by  Sachs  that  plants  produced  by 
the  isolated  leaves  of  Bégonia  bloomed  much  earlier  if  the  leaves  had 
been  taken  from  plants  just  about  to  bloom  than  if  they  had  been 
taken  from  plants  not  near  blooming.  Goebel  has  confirmed  this 
resuit  in  Achimenes,  and  Winkler  ^  has  recently  found,  whilst  working 
on  Passiflora,  that  adventitious  shoots  originating  at  the  bases  of 
isolated  leaves  produced  the  typical  feather-leaves  much  earlier  if  a 
feather-leaf  had  been  isolated  than  if  a  so-called  primary  leaf  had 
been  taken.  Among  animais  there  are  certain  features  in  the  morpho- 
genesis  of  Tubularia  and  Hydra  which  belong  hère.  Sachs  assumes 
that  certain  form-building  materials  account  for  the  facts  observed 
and  also  for  ail  cases  of  restitution,  in  the  sensé  that  thèse  substances, 
ha\'ing  originated  in  the  organism  in  the  course  of  development,  are 
présent  in  its  circulating  fluids  and  tend  to  move  in  spécifie  direc- 
tions, for  some  reason  or  other.  If  any  part  of  the  organization  is 
taken  away,  the  form-building  substances  relating  to  that  part  are, 
in  an  unknown  manner,  the  cause  of  its  new  formation,  just  as  any 
spécifie  chemical  compound  implies  a  typical  crystalline  form. 

Stated  in  its  original  manner,  this  theory  certainly  does  not  do 

1  Goebel  {Flora.  92),  and  Vôchting  {Bot.  Zeitg.,  p.  101,  1906)  hâve  also  refuted 
the  views  of  Klebs  for  similar  reasons. 

-  Vorlesungen  ûber  Pflanzenphysiologie,  Leipzig. 
»  Ber.  Bot.  Ges.,  23,  p.  45,  1905. 
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justice  to  the  most  fundamental  facts,  for  the  product  of  a  restitution 
is  not  a  crystal,  bounded  by  a  System  of  surfaces  only,  and  homo- 
geneous  in  its  interior,  but  a  complicated  typical  arrangement  of 
différent  parts.  One  material  could  ne  ver  account  for  that,  and  if 
there  were  a  mixture  of  différent  materials,  an  orderly  factor  would 
be  wanted  to  arrange  typically  what  only  preëxisted  as  an  aggregate. 

But  in  spite  of  that  I  do  not  regard  the  theory  of  Sachs  as  altogether 
wrong,  for  there  is  at  least  a  certain  constituent  in  it,  it  seems  to  me, 
which  may  be  able  to  form  part  of  a  true  future  theory  of  the  stimuli 
of  restitutions.  Sachs  looked  upon  his  form-building  materials  as  the 
real  "  cause"  of  restituted  form-production,  but  that  is  impossible,  for 
the  reason  just  explained.  But  form-building  substances,  though 
perhaps  in  some  sensé  différent  from  those  advocated  by  Sachs, 
might  hâve  something  to  do  with  the  stimulus  of  restitutions  we  are 
searching  for,  the  real  cause  of  those  acts,  in  the  deeper  sensé,  being 
the  prospective  potencies  of  the  restoring  organism.  Or  the  substances 
of  Sachs  might  at  least  be  a  necessary  means  of  restitutive  organo- 
genesis. 

Let  us  remember  the  important  fact  discovered  by  Herbst  '  that 
crayfishes  restore  the  eye  if  the  optic  ganglion  is  présent,  whilst 
they  produce  an  antenna  in  its  place  if  the  ganglion  is  taken  away. 
And  let  us  remember  the  différent  cases  in  which  the  nervous  System 
lias  some  influence  upon  régénération  (Wolff,  Godlewski).  We 
clearly  see  hère  that  in  animais  also  there  may  be  concerned  a  some- 
thing in  restitution  that  possesses  the  characteristics  of  a  spécifie  ma- 
terial. In  fact,  we  shall  come  back  to  a  discussion  of  form-building 
substances,  though  from  a  rather  différent  point  of  view. 

And  now,  after  ail  this  criticism,  let  us  try  to  proceed  to  positive 
statements.  Not  one  of  the  current  doctrines  about  the  stimuli  of 
restitutions  was  found  to  satisfy  our  needs,  only  one  of  them  could 
be  said  to  contain  certain  preliminaries  to  the  truth.  Is  there  any 
"  truth"  at  ail  discoverable  about  our  subject? 

7.  Let  us  try  to  analyze  as  strictly  as  possible  what  the  terms 
"opération"  and  "restitution"  imply.  Roux-  once  said  that  by  an 
opération  certain  cells  of  the  organism  alter  their  normal  neighborhood, 
and  that  restitution  restores  that.  Of  course  that  would  relate  only 
to  régénération  proper,  for  ail  morphollaxis  first  disturbs  the  typical 
neighborhood  of  cells  much  more  fundamentally  than  the  opération 
did,  in  order  to  restore  something  else,  that  is  to  be  typical. 

What  is  it,  then,  that  is  disturbed  by  an  opération  and  therefore  lias 
to  be  restored  by  the  restitution,  and  in  what  way  is  our  "  stimulus" 
of  restitutions  affected  by  the  disturbance  ? 

There  certainly  something  lias  been  disturbed  connected  with  the 
typical  composition  of  the  organization.     Now  there  are  certain  facts 

»  ArcJi.  Entw.  Mech.,  2,  p.  544,  1896;   9,  p.  215,  1899. 
2  Biol.  Centralhlatt,  13,  p.  612,  1893. 
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which  teach  us  that  such  a  disturbance  may  hâve  already  been  ac- 
complished,  and  that,  therefore,  restitution  may  set  in,  if  the  removal 
of  the  part  of  the  body  in  question  was  by  no  means  ahsolute.  As 
thèse  facts  seem  to  indicate  an  important  feature  in  our  problem,  as 
indeed  they  tend  to  Hmit  the  question  to  a  certain  extent,  we  must 
first  mention  them,  at  least  briefly. 

One  df  the  most  typical  of  thèse  facts  was  discussed  by  Morgan/ 
in  the  flatworm,  Planaria.  He  eut  ofï  the  head  of  the  worm,  then 
split  the  anterior  end  of  the  body  longitudinally  to  a  certain  extent, 
and  finally  eut  off  one  of  the  two  anterior  half  parts  thus  estabhshed. 
His  subjects  now  had  two  anterior  wounds,  —  one  more  distal,  the 
other  more  proximal.  Whenever  the  first  steps  of  heahng  were  al- 
lowed  to  produce  new  tissue  ail  over  the  comphcated  wound  and 
thus  to  connect  the  two  anterior  wound  surfaces,  only  the  more  distal 
one  restituted  a  head,  but  if  the  production  of  tissue  on  the  médian 
longitudinal  wound  was  hindered,  two  heads  appeared. 

Thus  something  related  with  the  connection  of  parts  and  witli  their 
disturbance  is  proved  to  be  concerned  in  restitution,  and  to  be  as 
important  as  absolute  removal.  We  now  shall  find  the  same  thing 
in  a  good  many  more  instances. 

Let  us  mention,  in  the  first  place,  the  well-known  phenomena  of 
so-called  superregeneration  of  tails  and  toes  in  Amphibia,  as  described 
by  Barfurth  -  and  Tornier.^  There  was  either  a  very  complicated 
wound  caused  by  the  complète  removal  of  a  part  or,  by  a  spécial 
arrangement  of  sections,  a  wound  was  made  without  removing  any- 
thing  spécifie.  The  resuit  was  in  the  first  case  a  double  régénération 
and  in  the  second,  the  production  of  a  something  that  was  actually 
présent. 

The  first  case  seems  to  be  less  important  for  our  purposes  than 
the  second,  for  in  the  case  of  a  complicated  wound  caused  by  the  com- 
plète removal,  say  of  a  leg,  we  might  hypothetically  assume  that  the 
equipotential  "  Anlage"  of  the  newiy  originating  parts  is  divided  into 
two  for  some  reason  or  other.*  But  the  cases  (recently  confirmed  by 
Godlewski,^)  in  which  a  newt  forms  a  new  tail  from  a  proximal, 
posterior  wound  (provided  nerve  substance  is  présent)  in  spite  of  the 
old  tail  being  présent,  showed  without  further  explanation  that  the 
breaking  of  some  kind  of  continuity  is  sufficient  to  let  the  "  stimulus 
of  a  restitution"  arise.    Some  well-known  results  of  Loeb's  ^  obtained 

»  Arch.  Entw.  Mech.,  13,  p.  206,  1901. 

=  Arch.  Entw.  Mech.,  1,  p.  1,  1894;   and  9,  p.  91,  1899. 

3  Arch.  Entw.  Mech.,  3,  p.  469  and  4,  p.  180,  1896,  and  Zool.  Anz.,  20,  p. 
356,  1897. 

*  The  very  strange  fact  recently  discovered  by  Braus  (Anat.  Anz.,  26,  p.  433, 
1905),  that  transplanted  legs  of  tadpoles  may  "regenerate"  their  counterpart 
image  from  their  basis.  does  not  seem  to  admit  of  any  sort  of  explanation  at  présent. 

«  Bull.  Acad.  Cracovie..  p.  492,  1904. 

^  Untersz.  physiol.  Morph.  1  and  2.    Wûrzburg,  1891-92.    See  also  Morgan, 
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in  Ciona  and  Cerianthus  belong  to  the  same  class  of  phenomena  as 
do,  among  others,  the  botanical  facts  described  by  Simon  ^  and  Nemec,^ 
—  thèse  facts  being  particularly  important  for  having  shown,  quite 
distinctly,  the  Idnd  of  organic  communication  that  must  be  broken 
in  order  that  restitution  may  occur.  Both  authors  found,  independ- 
ently  but  unanimously,  that  in  the  root  it  is  the  so-called  pericambium 
whose  integrity  prevents  superregeneration  in  spite  of  large  proximal 
wounds.  The  root-tip  is  superregenerated  from  a  proximal  poster- 
or  wound,  in  spite  of  its  actual  présence,  only  in  those  cases,  in  which 
the  pericambium  has  to  a  certain  extent  lost  its  continuity 

Once  more  we  mention  in  this  connection  the  experiment  carried 
out  by  Miehe  on  Cladophora.  The  continuity  of  the  cells,  estabhshed 
probably  in  a  manner  similar  to  what  Tangl  taught  us,  must  hâve 
been  broken  in  order  that  the  growth  of  each  cell,  into  a  whole  little 
plant,  might  occur. 

The  resuit  of  this  experiment  may  also  prevent  us,  I  believe,  from 
regarding  as  too  simple  a  fact,  the  real  stimulus,  that  forces  the  iso- 
lated  blastomeres  of  echinoderms,  newts,  ^Medusae,  Amphioxus, 
Nemerteans,  and  fîshes,  to  develop  as  a  whole  in  miniature.  It  most 
probably  is  not  only  the  absence  of  the  fellow-cell  in  the  sensé  of  an 
altération  in  mechanical  conditions,  that  forces  the  survivor,  first  to 
rearrange  its  intrinsic  protoplasmic  structure  into  a  new  whole,  and 
then  to  perform  morphogenesis  upon  the  newly  established  basis,  but 
somethino;  concerned  in  a  break  of  unknown  continuitv,  and  a  similar 
view  will  most  probably  hold  for  ail  cases  of  the  development  of 
several  "  wholes"  on  the  basis  of  an  harmonious-equipotential  SN'stem. 

But  let  us  say  a  few  more  words  about  the  results  of  botanists: 
as  a  break  of  the  unknown  communication  carried  out  by  the  peri- 
cambium, is  required  for  the  superregeneration  of  root-tips,  so  in 
Bryophyllum  (according  to  Goebel),  in  Cardamine  (according  to 
Riehm),  it  is  the  fibres  of  the  leaves  that  are  burdened  with  a  certain 
kind  of  unexplained  connection  among  the  parts.  The  leaves  of  the 
plants  produce  adventitious  buds,  not  only  if  they  are  isolated,  or 
if  the  mother  plant  is  deprived  of  ail  its  points  of  végétation,  but 
also  after  a  mère  cutting  of  their  so-called  nerves.  And  in  the  fungus 
Agaricus  ^Nlagnus  ^  was  able  to  induce  restitution  after  cutting  the 
longitudinal  hyphae  of  the  stem. 

Ail  thèse  facts  hâve  a  certain  similarity.  It  is  a  real  break  of 
organic  communication  without  the  absolute  removal  of  parts,  that 
is  followed  by  superrestitution.    But  now  there  is  still  a  certain  group 

Ant.  Entw.  Mech.,  14,  p.  562,  1902  (earthworms)  and  Kng,  ibid.,  7,  p.  351, 
1898  and  9,  p.  724.  1900.  But  in  the  eye  of  amphibians  a  new  lens  is  formed 
only  after  the  complète  removal  of  the  original  one  and  not  after  its  mère  dis- 
placement.    (Wolff.  Arch.  Entw.  Mech.,  12,  p.  307,  1901). 

■  Jahrh.  wiss.  Bot.,  40,  p.  103,  1904. 

^  See  note  1.  p.  5. 

^  Arch.  Biontologie,  1,  p.  85,  1906,  hère  also  quotation  of  Riehm. 
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of  thèse  facts  even  more  remarkable:  the  leaf  of  Cyclamen  is  resti- 
tuted,  according  to  Winkler  ^  and  Goebel,-  if  it  is  merely  put  ont  of 
function  by  being  covered  with  plaster  of  Paris,  or  by  being  dried, 
and  Circaea,  as  was  shown  in  Goebel's  ^  experiments,  raay  change 
the  latéral  geotropism  of  its  side-branches,  into  négative,  not  only 
after  the  main  stem  is  eut  off,  but  also  if  it  is  placed  in  absolute  dark- 
ness.  A  disturbance  of  typicid  functioniiig  seems  to  be  the  principal 
thing  in  thèse  cases  :  by  being  disturbed  the  part  in  question  is  elim- 
inated  from  the  whole,  so  to  speak.  Under  such  an  aspect  the  dis- 
covery  of  Klebs  mentioned  above  would  appear  as  an  organizatory 
restitution  pure  and  simple  :  By  being  exposed  to  water,  part  of  the 
stem  of  Salix  has  been  disturbed  fundamentally  in  its  functioning;  * 
a  break  of  continuity  in  the  whole  is  established  in  this  way,  and 
therefore  one  at  least  of  the  parts  of  the  original  whole  is  restituted 
into  a  new  complète  organization. 

S.  But  what  now  about  the  nature  of  our  "  stimuli  of  restitution"  ? 
jNIight  we  not  proceed  toward  a  solution  of  our  question,  very  briefly 
and  yet  very  exactly,  by  saying  that  disturbed  "  equilibrium"  is  the 
stimulus  of  restitutions,  and  that  "  uncompensated  différences  of  the 
intensity  of  énergies  "  lead  to  restoration  of  the  disturbance  ?  Such 
"  explanations  "  indeed,  hâve  been  brought  forward  in  biology,  I  am 
sorry  to  say.  But  such  "explanations"  are  mère  words  and  nothing 
rnore.  They  simply  state  that  something  happens,  because  the  factors, 
responsible  for  its  happening,  are  at  work.  That  is  certainly  true; 
and  as  true  as  it  is  to  say  that  the  opération  is  the  stimulus  of  restitu- 
tions, but  it  is  also  as  meaningless. 

We  hâve  the  materials  in  our  hands,  it  seems  to  me,  to  sketch  at 
least  the  outlines  of  what  a  future  theory  of  restitution  may  prove 
about  our  problem. 

The  specificity  of  what  is  taken  away  certainly  forms  part  of  the 
stimulus  we  are  searching  for,  and  it  does  so  by  being  communicated 
in  some  way  to  something  that  has  relations  to  many,  if  not  ail,  parts 
of  the  organism,  and  not  only  to  the  neighboring  ones.  The  latter  is 
proved  by  ail  cases  of  morphollaxis  and  adventitious  budding.  It 
is  another  question  which  out  of  ail  the  parts  will  react  to  the  stimulus. 
By  regarding  this  question  as  belonging  to  the  problem  of  the  dis- 
tribution of  restitutive  potencies,  I  only  mean  to  give  a  brief  expres- 
sion for  what  is  observed.  In  fact,  it  may  be  determined  by  very 
complicated  and  absolutely  unknown  relations,  which  part  out  of  many 
performs  restitution. 

In  what  manner,  then,  may  the  specificity  of  what  is  taken  away  be 

1  Ber.  D.  Bot.  Ges.,  20,  p.  81,  1902- 

2  Biol.  CentralU.,  22,  p.  385,  1902. 
«  Flora,  92,  p.  132,  1903. 

*  In  an  experiment  of  Wakker's  (quoted  by  Goebel,  see  last  note)  ail  the 
beads  of  Bryophyllum  were  forced  to  grow  out  by  drenching  the  whole  plant  in 
water. 


472        VII.   INTERNATIONAL  ZOOLOGICAL  CONGRESS 

communicated  to  the  organism's  trunk  and  form  the  "stimulus"  we 
ask  for?  It  is  hère  that  we  may  make  a  certain  use  of  the  idea  of 
Sachs,  though  not  in  the  form  he  was  thinking  of.  And  it  seems  to 
me  that,  to  a  certain  extent,  we  may  also  borrow  what  we  want  from 
the  doctrine  of  "  interior  sécrétion.  " 

To  say  nothing  of  the  much  disputed  theory  of  the  thyroid,  Ribbert* 
has  shown  that  a  transplanted  mamma  may  exercise  its  functions  at 
the  right  time.  By  Starling  we  are  told  that  extract  of  embryos 
injected  into  the  body  cavity  of  rabbits  causes  the  mammae  to  enlarge 
and  even  to  begin  the  sécrétion  of  milk,  and  Nussbaum  ^  recently  has 
made  the  important  discovery  that  part  of  the  testis  transplanted 
under  the  skin  of  the  dorsal  side  of  the  body  is  able  to  paralyze  the 
morphogenetic  efîects  of  castration.  AU  thèse  facts  indeed  prove 
that  there  exist  many  relations  among  the  parts  of  the  organism, 
besides  nervous  conduction  and  proper  formative  stimuli,  in  normal 
morphogenesis. 

Thus  our  argument  will  rest  most  properly  upon  a  causa  vera,  if 
we  assume  hypothetically  that  each  part  of  the  organism  assigns  its 
spécifie  share  to  an  unknown  something,  and  that  this  something  is 
altered  as  soon  as  a  part  is  removed  or  absolutely  stopped  in  its  func- 
tional  life,  and  that  the  spécifie  altération  of  the  something  is  our 
stimulus  of  restitutions.  The  spécifie  relations  of  the  parts  of  the 
organism  to  the  something  are  realized  along  certain  anatomical 
Unes  only,  as  ail  experiments  about  superrestitution  seem  to  show. 

Of  course  this  hypothetical  statement  resembles  the  doctrine  of 
Sachs  only  in  a  very  vague  manner  :  it  is  not  an  actual  "  form-build- 
ing"  material  but,  on  the  contrary,  the  lack  of  something,  like  a  sub- 
stance (connected  with  form),  that  we  assume  to  be  related  to  our 
stimulus. 

But  we  agrée  with  Sachs  in  so  far  as  we  assume  that  our  "  stimulus 
of  restitutions"  is  a  little  more  than  what  is  commonly  understood  by 
a  stimulus  (though  not  an  inhérent  cause  or  potency,  but  something 
from  without)  :  it  is  a  typical  combination  of  éléments  showing  an 
individualized  character.  In  fact  we  are  forced  to  conceive  our  stimu- 
lus in  this  way,  since  the  ??o/;-determination,  the  7ro?i-specificity  of 
the  formative  potencies  has  been  most  universally  shown  by  ail 
modem  experiments.  The  cells  of  the  organism  can  each  do  more 
than  onlv  one  thing  in  the  service  of  restitution,  and  we  want  to 
find  a  sufficient  reason  for  their  doing  what  they  actually  perform 
in  this  very  case.* 

1  Arch.  Entw.  Mech.,  7,  p.  704,  1898. 

2  Proc.  Roy.  Soc,  77,  p.  505,  1906.  We  owe  to  Starling  an  excellent  article 
on  the  whole  problem  of  "inner  sécrétion."  Verhandl.  Vers.  Deutsch.  Naturf.  u. 
Aerzte,  Stuttgart,  1906. 

3  Anat.  Anz.,  1906-07. 

^  This  statement,  of  a  "prospective  indifférence,"  is  true  for:  1.  The  har- 
monious-equipotential  Systems;  2.  Many  cases  of  youngadventitious  "Anlagen" 
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Thus  in  the  end  it  might  seem  as  if  we  were  not  much  further  than 
at  the  outset,  with  regard  to  oiir  stimulus  of  restitution.  Wliat  we 
do  say  more,  is  that  it  is  the  cHsturbance  in  lis  spccijîcif//  which  causes 
the  restitution  to  ari.se  in  its  specificity.  In  truth  we  (h)  )iot.  say  much 
more;  but  we  hâve  learnt  to  understand,  I  hope,  that  "  mucli  more" 
in  the  sensé  of  a)ii/ihiiig  more  simple  is  not  possible. 

Will  my  concept  of  an  "autonomy  of  hfe"  be  strengthened  by  our 
gênerai  resuit?  Of  course  the  analytical  study  of  the  di.stril)ution  of 
potencies  always  forms  the  best  foundation  for  that  doctrine,  it  seems 
to  me,  and  even  in  tins  sensé  the  analysis  of  restitutions  is  impor- 
tant for  it.  As  to  the  theory  of  the  restitutive  "stimuli"  alone,  I 
might  take  advantage  of  our  resuit,  I  think,  in  the  following  way: 
the  restitution  stimulus  is  received  in  its  individuality,  and  its  effect, 
corresponding  to  it  with  regard  to  the  whole,  is  individualized  also. 
In  my  analysis  of  action  ^  I  hâve  availed  myself  of  such  a  relation  of 
"  individual  correspondence." 

In  conclusion,  let  us  summarize  our  chief  results  in  the  words: 
the  stimulus  of  restitution  is  not  a  simple  agent,  but  something  con- 
cerned  with  the  specificity  of  the  disturbance. 

That  is  ail  we  can  say  at  présent.  It  is  almost  completely  néga- 
tive, with  regard  to  known  physico-chemical  facts,  as  are  ail  state- 
ments  which  are  positive  with  regard  to  biology  proper. 

2vIost  of  what  I  liave  been  able  to  ofïer  you  consisted  of  fragments 
and  problems  only,  and  we  hâve  been  travelling  together  in  new  land  ; 
so  let  us  hope  that  its  development  may  be  like  the  cultivation  and 
the  progress  of  new  ideas  in  the  country  we  are  living  in  this  day. 

in  plants  (Goebel  and  others)  ;  3.  The  cells  of  the  cambium  and  of  many  Algae; 
4.  The  single  éléments  of  a  cross-section  of  the  body  with  respect  to  régénération 
proper  (comp.  the  double-headed  planarians,  the  experiments  of  Godlcwski  in 
Amphibia);  ô.  The  cross-sections  of  the  body  —  with  respect  to  régénération  — 
taken  as  totalities  :  the  same  section  may  vcry  often  regeherate  in  both  directions 
(comp.  also  the  femur-experimeirt  of  Morgan,  Americ.  Xatur.,  42,  p.  1,  190S). 
'  Comp.  Vol.  II  of  my  Gifford  Lectures,  1908. 


ANIMAL   BEHAVIOR   AND   DEVELOPMENT 

O.  ZUR  STRASSEN 

I  WANT  to  show  that  there  exists  a  relationship  between  animal 
psychology  and  developmental  physiology,  so  close  that  it  seems  to 
me  indispensable  for  students  of  either  branch  to  be  acquainted  with 
the  methods  and  the  results  of  the  other. 

A  parallel  between  animal  behavior  and  development  can  be 
drawn  and  has  been  drawn  in  several  ways  of  very  différent  value. 

As  early  as  1S36  the  German  physician  and  physiologist  Auten- 
rieth  ^  compared  the  instinctive  actions  of  animais,  especially  of  insects, 
with  the  inner  physiological  movements  of  an  organism  :  the  beating 
of  the  heart,  the  peristaltic  contractions  of  the  intestine,  and  the  like. 
Both  kinds  of  movements  are  suitable  without  being  ruled  by  intelli- 
gence or  even  accompanied  by  consciousness.  And  this  comparison 
he  extended  expressively  and  very  explicitly  to  the  phenomena  of 
individual  development.  He  pointed  ont  that  development  too  con- 
sists  in  movements  which  are  suitable  to  a  purpose  and  yet  uncon- 
scious  ;  that  it  is  sometimes  hard  to  tell  whether  a  given  event  belonged 
to  the  development  of  an  organism  or  rather  to  its  instinctive  actions. 
And  this  not  only  for  the  reach  of  normal  development.  He  went 
even  so  far  as  to  claim  that  the  same  was  true  for  régénération.  The 
fact  that  a  snail  régénérâtes  its  head  when  eut  away  seemed  to  him 
essentially  identical  with  the  behavior  of  a  Caterpillar  that  repairs  its 
partially  destroyed  cocoon.  Ail  thèse  suitable  phenomena  —  normal 
development,  régénération,  instinctive  actions  —  were  based  to  him 
on  the  same  foundation  :  a  suitably  acting  vital  force. 

Schopenhauer  ^  we  find  on  the  same  way.  For  him  instinctive 
action  and  development  are  likewise  manifestations  of  the  same 
teleological  principle,  the  will.  And  nowadays  the  comparison  has 
become  rather  familiar  among  vitalists  and  neolamarckists.  They 
mean  to  prove  by  it  that  a  teleological,  vital,  or  even  psychic  factor, 
the  participation  of  which  in  instinct  they  take  for  doubtless,  exists 
also  in  development. 

I  do  not  think  they  are  right,  no  more  than  their  predecessors 
were,  Schopenhauer  and  Autenrieth.     The  instinct  of  an  insect  and 

'  Ansichten  uber  Natur  und  Seden  lehen.  p.  199,  244. 
-  Die  Welt  als  Wille  und  Vorstellung,  Q.  Auflage,  1844. 
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the  development  of  a  multi-cellular  organism  as  a  whole  are,  if  we 
look  at  tliem  from  near,  very  différent  thiiigs.  What  is  common  to 
them  is  hardly  more  than  the  gênerai,  inherited,  and  of  course  un- 
intelligent,  suitableness  of  the  organic  nature.  And  even  if  it  were 
proved  that  the  instinct  contained  some  spécial  factor  strange  to  the 
mechanical  world,  it  would  not  yet  foUow  that  the  same  was  true 
for  development. 

But  so  poor  and  in  conséquence  worthless  for  a  doser  application 
is  the  comparison  only  then,  when  we  compare,  as  so  many  vitalists 
did  and  do,  the  instinct  of  an  insect  or  other  higher  animal  with  multi- 
cellular  development  as  a  whole.  The  two  things  hère  compared, 
the  two  sides  of  the  équation  are  too  complicated;  that  is  the  fault. 
We  can  avoid  it  by  simplifi/ing  one  side  or  both. 

Let  us  begin  with  the  right  one,  the  side  of  development.  Let 
us  compare  the  instinct  of  an  insect  with  the  behavior,  not  of  the 
whole  organism,  but  of  its  constituents,  the  single  hlasiomeres,  as 
I  proposed  to  do  in  1898.^ 

In  a  former  time  most  biologists  considered  the  rôle  played  by 
the  cells  in  development  as  being  essentially  passive.  They  thought 
that  the  cell  was  brought  into  its  typical  shape  by  pressure  or  draught 
from  the  surroundings  ;  that  the  direction  and  the  rhythm  of  division, 
the  relative  size  of  the  cells,  were  due  to  actions  of  the  same  kind  ;  that 
surface-tension  kept  the  cells  together  and  forced  them  into  a  typical 
arrangement  like  a  System  of  soap  bubbles.  Now,  on  the  contrary,  it 
seems  to  be  more  and  more  generally  accepted  that  the  blastomere 
during  its  lifetime  plays  a  very  active  part  in  differentiation  ;  that  its 
form,  relative  situation,  the  spécial  way  of  mistosis,  and  so  on,  are 
brought  about  by  inner  accomplishments  of  the  cell,  though  it  may  be 
guided  in  many  ways  by  stimuli  from  outside. 

Now  some  of  thèse  activities  of  the  cells  show  a  remarkable- re- 
semblance  to  the  instinctive  actions  of  an  insect.  I  mean  first  the 
very  important  fact  that  blastomeres  move  actively  ahout  in  defînite 
directions,  guided  by  stimuli,  which  they  receive  from  the  surround- 
ings, as  an  insect  moves  hère  and  there  under  the  influence  of  direct- 
ing  stimuli;  it  is  the  " cytotropism "  discovered  by  Roux.  And 
second  the  numerous  cases  where  a  cell  produces  something  com- 
plicated ont  of  its  body:  a  pièce  of  skeleton,  shell,  or  the  like,  just 
as  a  Caterpillar  produces  its  silken  cocoon. 

As  soon  as  we  realize  this  resemblance  we  get  hold  of  the  possi- 
bility  to  push  the  comparison  on  a  highly  interesting  ground.  Both 
things  —  the  moving  or  building  cell  and  the  moving  or  building  in- 
sect —  can  show  the  same  very  important  phenomenon  called  by 
Driesch,   "  harmonious-equipotential   differentiation,"      That    means, 

*  Das  Wesen  der  tierischen  Formbildurg.     Verh.  Deutsche  Zool.  Ges.,  Heidel- 
berg,  1898. 
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when  many  equal  cells  or  insects  are  associated  to  form  a  community 
—  as  is  the  case  in  certain  embryonic  organs  or  in  the  states  of  social 
insects  —  the  iinited  individuals  may  not  behave  equally,  though  they 
are  ail  equal,  but  unequally  after  a  law.  The  resuit  of  their  behavior, 
their  arrangement,  or  their  common  building  becomes  not  isotropous, 
equal  in  ail  directions,  as  one  might  hâve  expected,  but  typically 
anisotropous.  —  That  this  wonderful  capacity,  so  well  known  and 
much  discussed  in  developmental  physiology,  is  really  to  be  found 
also  in  social  insects,  I  want  to  prove  by  a  few  examples. 

The  mesenchym-cells  of  an  echinoderm  larva  coUect  in  groups, 
each  of  which  groups  produces  a  pièce  of  lime-skeleton  in  its  typical, 
highly  anisotropous  shape.  For  this  purpose  each  single  cell  must 
bring  itself  by  active  wandering  into  a  certain  relative  position  to  its 
fellows  and  the  forming  pièce  ;  there  it  will  give  ofî  its  share  of  lime 
in  a  suitable  way.  Now  we  know  by  experiments  that  ail  thèse  cells 
are  absolutely  equipotential.  Each  one  is  able  to  work  at  any  place 
of  the  anisotropous  whole.  They  may  be  mixed,  reduced  or  in- 
creased  in  number.  Yet  every  cell  will  modify  its  behavior  accord- 
ing  to  the  place  it  actually  holds  and  to  the  behavior  of  its  fellows, 
so  that  the  community  will  fulfil  its  typical  task  under  almost  any 
conditions.  This  behavior  seems,  as  Driesch  hinted  in  one  of  his 
last  papers,^  to  be  almost  identical  with  that  of  social  Hymenoptera, 
wdiich  are  occupied  in  heaps  of  varying  number  to  build,  with  united 
forces,  a  waxen  comb  or  a  case  of  typical  form  and  structure. 

Not  very  différent  from  what  we  see  hère  is  the  fact  that  often 
groups  of  équivalent  blastomeres  arrange  themselves  to  form  a 
typically  anisotropous  organ.  For  instance,  the  sac-shaped  archen- 
teron  of  an  echinoderm-larva  becomes  three-jointed  by  a  double 
strangulation,  and  will  do  so  in  the  right  proportion  even  if  the  number 
of  the  cells  be  increased  or  diminished  by  experiment.  Such  a  be- 
havior may  principally  be  put  together  with  the  capacity  of  social 
insects  to  group  after  a  certain  rate  in  two  or  more  sets  of  différent 
occupation.-  Hère  also  the  participants  are  equal  and  able  to  do 
everything.  Yet  each  one  will  make  a  choice,  not  at  random,  but 
in  a  lawful  dependence  of  the  behavior  of  others,  so  that  the  right 
proportion  between  the  groups  will  always  resuit.  The  swarming 
of  bées  may  serve  as  an  example.  According  to  Maeterlinck  ^  there 
is  a  typical,  though  of  course  not  very  exact,  relation  between  the 
number  of  individuals  that  remain  in  the  old  hive  and  those  that  go 
off  in  the  swarm. 

Of  quite  a  peculiar  interest  is  the  resemblance  between  the  phe- 
nomena   of   réparation   after   being  damaged   in  development   and 

'  Biol.  CentralbL,  1907,  p.  76. 

2  zur  Strassen,  Die  Geschichte  der  T-Riesen  von  Ascaris  megalocephala,  p.  314, 
1906. 

3  Das  Leben  der  Bienen,  libers,  v.  v.  Oppelu-B.,  p.  151,  1901. 
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social  instinct.  Correction  of  morphological  distiirbances  may  be 
performed  in  a  double  way:  either  by  "régénération,"  that  means 
with  the  aid  of  prolifération  of  fresli  tissue,  or  without  augmenting 
the  material  by  mère  transformation  and  rearrangemenf  of  the  cells 
left,  the  so-called  "morphallaxis"  (Morgan).  Both  ways  we  find 
again  in  the  range  of  instincts.  A  sort  of  régénération  is  présent 
when  in  a  hive,  the  queen  of  which  died,  a  fresh  one  is  reared  in  her 
stead.  On  the  other  hand,  if  one  takes  away  the  sentinel  put  out  by 
an  ants'  colony  and  finds  that  soon  another  ant  will  give  up  its  occu- 
pation to  fîU  out  the  empty  place,  one  may  well  compare  this  act  of 
recompletion  by  change  of  behavior  with  the  morphallactic  restitution 
of  a  hydroid. 

It  may  be  expected  that  this  striking  outer  resemblance  will 
correspond  with  a  causal  congeniaiity.  In  every  "harmonious- 
equipotential  system,"  be  it  of  cells  or  of  social  insects,  there  must 
of  course  be  something  that  unités  the  individuals,  that  distributes  the 
rôles,  and  détermines  the  behavior  of  the  single  from  the  stand- 
point  of  the  whole.  And  as  no  outer  cause  is  présent  to  rule  them 
ail,  the  uniting  principle  must  needs  be  an  interaction  from  cell  to 
cell  and  from  insect  to  insect.  To  know  the  nature  of  this  interaction 
would  be  holding  the  key  of  the  problem.  And  now  we  see  the  ad- 
vantage  of  our  method.  It  will  be  utterly  difïîcult  to  make  out  what 
happens  in  this  way  between  cells.  INIinute,  closely  packed  together, 
apparently  motionless  and  almost  homogeneous  as  they  are,  they 
let  nothing  transpire  of  the  plot  before  the  moment  of  action.  With 
insects,  which  are  so  much  larger,  visibly  organized  and  obviously 
active,  and  clearly  severed  from  each  other,  the  task  is  much 
easier.  In  fact,  though  none  of  the  cases  in  question  has  been 
analyzed  to  its  very  end,  yet  after  ail  that  we  know  now  about  insect 
life,  so  much  can  be  said,  that  the  qualification  of  social  Hymenoptera 
to  act  and  group  harmoniously  is  based  on  two  gifts.  Of  thèse  the 
first,  which  is  common  to  ail  insects,  consists  in  the  high  development 
of  tlieir  irritability.  They  cannot  only  take  up  complicated  stimuli 
and  ahswer  them  with  différent  adéquate  movements,  but  are  also 
capable  to  what  I  should  like  to  call  "interlock"  two  or  more  stimuli. 
That  means  they  may  react  to  the  same  inducement  in  typically 
différent  ways  if  they  receive  simultaneously  another  or  several 
stimuli,  or  if  such  stimuli  hâve  been  acting  on  them  some  time  be- 
fore. Stimuli  and  remainders  of  previous  stimulations  are  inter- 
locked  to  form  a  new  quality, —  the  adéquate  inducement  for  reactions 
of  its  own.  And  second,  the  social  insects  prodvce  theraselves  those 
stimuli  that  are  fit  to  make  their  own  occupation  and  disposition, 
their  state  of  mind  so  to  speak,  distinguishable  for  the  sensory-organs 
of  their  fellows  :  according  to  their  actual  state  they  move  in  a  spécial 
way  their  wings  or  antennœ,  they  produce  a  whole  scale  of  charac- 
teristic  sounds,  perhaps  also  of  différent  smells.    Or  in  case  of  build- 
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ing  the  pièce  of  work  that  an  individual  did,  serves  by  itself  as  a 
signal  to  make  manifest  to  die  others  what  bas  been  done,  and  to 
induce  them  to  continue  in  a  suitable,  harmonious  way.  We  may 
call  this  sort  of  self-produced  social  stimuli  "manifesting  stimuli." 

No  doubt  the  knowledge  of  how  the  determining  interactions 
within  a  System  of  equipotential  insects  go  on  is  of  some  value  for 
the  study  of  the  hke  phenomena  in  development;  considering  that 
hitherto  we  don't  know  anything  at  ail  about  the  causes  of  the  latter. 
Yet  the  comparison  fails  to  be  quite  satisfactory.  It  is  still  an  analogy, 
and  a  rather  remote  one.  The  behavior  we  ascribed  to  social  insects 
is  based  on  coniplicated  sensory-organs  to  receive  the  stimuli,  a  ner- 
vous  System  to  conduct  and  store  them,  spécial  contrivances  for  the 
production  of  the  varions  manifesting  stimuh.  Ail  that  is  missing 
in  cells.  This  makes  it  doubtful  whether  the  interactions  within  a 
harmonious-equipotential  System  of  cells  can  be  in  any  doser  way 
compared  with  those  of  insects. 

But  there  is  a  means  to  free  the  comparison  of  this  imperfection 
still.  We  must  simplify  the  left  side  of  our  équation  as  we  did  before 
with  the  right.  We  must  compare  the  behavior  of  a  single  free-living 
cell,  a  j)rotozoan,  instead  of  an  insect,  witli  that  of  a  blastomere. 

That  this  change  would  be  an  improvement  in  certain  respects 
we  understand  at  once.  Protozoa  hâve  got  no  brains,  no  nervous 
Systems  or  sensory  organs,  the  lower  forms  not  even  spécial  motor 
organs,  just  like  die  blastomeres.  And  what  is  possible  to  the  one 
should  not  be  unattainable  to  the  other:  the  analogy  in  their  be- 
havior could  beconie  complète.  But  more  than  this,  the  hardly 
doubtful  fact  that  Protozoa  are  the  phylogenetic  ancestors  of  cleavage- 
cells  makes  probable  a  priori,  that  they  are  akin  also  in  their  reactions 
and  irritabilities,  that  their  behavior  is  not  only  analogous  but  homol- 
ogous.  And  hereby,  whatever  we  may  conclude  froni  the  free-living 
animal  upon  the  blastomere  would  gain  very  much  in  value  and 
certain  ty. 

However  the  question  arises  whether  there  would  be  arfvthing 
left  to  conclude.  The  much-promising  point  of  agreement  between 
the  two  sides  of  our  comparison  was  the  capacity  of  harmonious- 
equipotential  grouping  shown  both  by  social  insects  and  blasto- 
meres. And  evidently  social  Protozoa  endowed  with  the  same  quaU- 
fications  do  not  exist. 

But  a  moment's  reflection  will  show  that  sociality  is  not  at  ail 
indispensable  for  our  comparison.  The  essential  part  of  the  prob- 
lem  being  on  the  side  of  development  tlie  behavior  of  the  single  cell, 
we  may  compare  this  of  course  with  that  of  a  single  unsocial 
animal,  if  only  we  can  prove  that  the  animal  in  question  is  gifted 
with  those  two  kinds  of  qualities  that  enable  the  social  insects  to 
their  behavior.    Thèse  qualities,  to  repeat  it,  are  fii'st  a  certain  degree 
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of  complication  in  the  sphère  of  irritability  implying  the  fitness  to 
interlock  two  or  several  received  stimuli;  and  second,  the  gift  to  pro- 
duce themselves  those  stimuH  that  manifest  their  actual  physiological 
state  to  their  fellows. 

Now  thèse  two  quahties  are  certainly  présent  in  Protozoa.  Jen- 
nings  found  that  even  Amcrba  passes,  by  the  action  of  stimuli,  into 
distinct  physiological  states  of  typically  différent  irritability.  For 
instance  the  stimulus  of  mechanical  touch  is  answered  differently 
when  interlocked  with  the  simultaneous  stimulus  of  creeping  on  the 
ground  or  with  that  of  free-swimming.  And  in  higher  Protozoa  he 
found  the  same  capacity  still  more  developed.  On  the  other  hand 
there  is  no  doubt  that  the  constitution  of  a  protozoan  would  allow, 
if  desired,  the  production  of  manifesting  stimuli.  Of  course  they 
cannot  produce  sounds  or  specialized  movements  as  the  social  in- 
sects  do;  and  if  they  could  it  would  be  of  no  use,  as  the  task  to  take 
up  acoustic,  optic,  or  complicated  mechanic  stimuli  would  be  far  be- 
yond  the  powers  of  their  fellow-protozoa.  But  also  chemicals  are 
suitable  means  of  communication.  It  would  not  at  ail  be  asking  too 
much,  if  we  assume  that  certain  Protozoa  secrète  in  every  one  of  their 
physiological  states  a  trace  of  some  spécial  chemical  into  the  sur- 
rounding  water.  And  as  the  fitness  to  answer  chemical  irritation  is 
the  simplest  sort  of  ail  and  highly  developed  among  Protozoa,  such 
specialized  sécrétions  could  easily  serve  as  adéquate  stimuli,  which 
induce  other  individuals  to  correspondingly  varied  behavior. 

Well,  then,  we  find  Protozoa  endowed  with  qualities  that  would 
enable  them  to  become  social,  and  group  as  a  harmonious-equipoten- 
tial  System  after  a  given  proportion.  Blastomeres  are,  as  we  said 
above,  descendants  of  Protozoa,  and  their  behavior  cannot  only  but 
ought  to  be  essentially  equal  to  the  behavior  of  those.  Thus  we  are, 
until  the  contrary  be  proved,  simply  forced  to  admit  that  the  aniso- 
tropous  behavior  of  equipotential  cells  in  development  is  brought 
about  after  the  fashion  of  social  insects  and  with  the  simple  means 
of  Protozoa. 

It  will,  however,  be  welcome  to  corroborate  this  somewhat  gênerai 
assertion  by  a  schematic  example.^  Suppose  a  sac-shaped  em- 
bryonic  organ  becomes  constricted  in  the  middle  of  its  height  by 
active  cellular  dislocation,  and  that  this  action  was  proved  by  ex- 
periment  to  be  the  harmonious  grouping  of  an  equipotential  system. 
Then  the  fact  could  be  explained  by  the  foUowing  assumption.  The 
cells  around  the  lower  opening  of  the  sac  pass,  owing  to  the  stimulus 
of  their  peculiar  situation,  into  a  new  physiological  state.  Herein  they 
produce  some  stimulant  that  acts  upon  their  immédiate  neighbor- 
cells  in  the  sac,  through  thèse  on  the  next  ring  of  cells  and  farther 
and  farther,  till  the  stimulus  reaches  the  free  top  of  the  organ,  oppo- 

^  Geschichte  der  T-Riesen,  etc.,  p.  317^  1906. 
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site  to  the  opening;  however,  the  intensity  of  the  stimulation  shall 
gradually  decrease  from  below  iipwards  in  a  regular  way.  On  the 
diagram  (Fig.  1)  this  is  expressed  by  a  system  of  Unes  parallel  to  the 
surface,  diminishing  in  thickness  and  number.  Second,  we  assume 
that  the  small  group  of  top-cells  hkewise  becomes  différent  from  the 
rest  ;  for  instance  under  the  influence  of  the  stimulating  wave,  which 
hère  arrives  from  ail  sides.  But  the  new  physiological  state  of  the  top- 
cells  is  différent  from  that  of  the  mouth-cells,  and  therefore  also  the 
stimulant,  which  the  top-cells  give  off,  is  a  spécial  one,  marked  by 
radial  lines  in  the  diagram  (Fig.  1).  Now  this  top-stimulant  runs 
in  the  same  way  down  the  sac  as  the  mouth-stimulus  comes  up, 
diminishing  in  its  course  at  the  same  rate  (Fig.  2).  Under  thèse 
circumstances  each  cell  of  the  middle  area  receives  both  stimuli,  but 
of  a  différent  intensity.  Below  the  mouth-stimulus  is  stronger,  above 
the  top-stimulus.  But  in  the  middle  of  the  height  there  is  a  horizontal 
ring  of  cells  which  receive  both  stimuli  in  equal  strength;  our  dia- 
gram shows  this  state  of  equilibrium  expressed  by  regular  chequering, 
the  parallel  and  the  radial  System  of  lines  being  équivalent.  Finally, 
this  spécial  combination  of  equal  stimuli,  interlocked  to  form  a  par- 
ticular  quality,  shall  be  the  adéquate  inducement  for  the  cell  receiving 
it  (the  gray  one  in  the  diagram,  Figs.  2,  3)  to  migrate  inward.  Then 
evidently  the  middle  ring  will  produce  the  typical  strangulation. 

Being  equipotential,  the  cells  of  the  original  sac  could  of  course 
be  freely  mixed  without  the  slightest  change  in  the  behavior  of  the 
whole.  And  if  v/e  présume,  which  would  not  be  risked  at  ail,  that 
the  absolute  intensity  of  the  stimulation  is  without  significance,  and 
the  only  thing  necessary  is  the  typical  relation  between  the  two  stimuli, 
then  we  might  even  change  the  number  of  cells  united  in  the  sac, 
increase  or  reduce  it.  The  diagram  shows  (Fig.  4)  what  would 
happen  in  case  of  a  réduction.  The  distance  between  mouth  and 
top  being  diminished,  the  stimuli  running  away  from  both  ends  meet 
earlier  in  equal  intensity,  but  again  in  the  middle  of  the  whole.  Hère 
we  get  a  ring  of  regularly  though  more  tightly  chequered  cells  that 
will  answer  to  this  adéquate  inducement  with  the  "gray"  reaction. 

But  furthermore  :  under  a  certain  assumption  our  system  could  even 
show  the  phenomenon  of  morphallactic  restitution  after  a  damage. 
Suppose  the  changes  of  physiological  state  that  make  a  member  of 
the  System  behave  like  a  top-cell  or  a  gray  cell  were  not  induced  once 
for  ever  as  soon  as  the  cell  receives  the  corresponding  adéquate 
stimulus,  but  wanted  a  coidinval  stimulation,  without  which  the 
cells  would  soon  fall  back  into  their  original  disposition  to  participate 
in  the  formation  of  a  smooth,  convex  epithelium.  Now  let  an  organ 
of  this  kind  after  having  formed  the  strangulation  in  the  middle  of 
its  height  be  mutilated  by  cutting  away  the  upper  end,  what  would 
happen  ?  The  wound  will  close,  a  fresh  group  of  top-cells  will  be 
called  forth,  nearer  to  the  mouth  than  usual.     In  conséquence  the 
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regularly  chequered  stimulus  must  resuit  farther  down  (Fig.  5): 
hère  a  new  ring  of  cells  will  form  a  constriction,  while  the  old  one, 
falling  now  under  a  wrong,  irregular,  inadéquate  stimulation  will 
disappear.  After  a  while  we  should  hâve  a  typically  strangulated 
organ  of  smaller  size. 

Needless  to  say  that  the  irritability  of  the  single  blastomere  eould 
be  more  complicated  than  we  assumed  hère,  at  least  as  much  as  w^e 
find  it  in  higher  forms  of  Protozoa,  and  that  their  capacity  to  produce 
and  restitute  complicated  forms  would  increase  correspond ingly. 
It  is  hard  to  tell  whether  any  known  case  of  harmonious-equipotential 
differentiation  would  be  too  complicated  to  be  explained  in  this  way. 
The  vitalists  will  hâve  to  prove  it.    I  do  not  believe  it. 

Discussion  * 

I  do  not  think  that  the  comparison  between  instinct  and  develop- 
ment  as  I  established  it  hère  favors  vitalism.  That  may  be  the  case  if 
one  compares  the  behavior  of  blastomeres  with  the  instinct  of  an  insect 
or  other  higher  animal.  Insect  behavior  has  heretofore  not  been  analysed 
so  far,  that  the  participation  of  "psychoidal"  or  other  teleological  factors 
could  be  excluded  from  it  with  certainty.  And  though  I  am  convinced 
that  this  will  be  attained  some  day,  others  may  not.  So  the  com- 
parison could  lead  to  a  teleological  interprétation  of  development.  Such 
is  indeed  the  standpoint  held  by  Driesch.  But  by  comparing  blasto- 
meres and  Protozoa  we  avoid  that  danger.  For  the  behavior  of  Protozoa, 
as  far  as  we  referred  to  it,  can  doubtlessly  and  wholly  be  explained  by 
mechanic-physiological  qualities  of  protoplasm.  And  this  is  perhaps  the 
greatest  advantage  we  can  draw  from  the  comparison. 

*  Reply  to  Prof.  T.  H.  Morgan. 


THE  ROLE  OF  IRRITABILITY  AND  CONTRACTILITY 
AS  DYNAMIC  FACTORS  IN  DEVELOPMENT  AND 
REGENERATION 

T.  H.  MORGAN 

Two  of  the  most  familiar  properties  of  living  animais  are  irri- 
tability  and  contractility.  When  most  specialized,  they  represent  the 
peciiliar  fiinction  of  nerves  and  muscles.  In  their  simplest  manifesta- 
tions they  are  shown  in  the  movements  of  an  amoeba  and  in  the  vibra- 
tions of  cilia.  Their  occurrence  is  not,  however,  limited  to  thèse 
grosser  exhibitions,  but  can  be  demonstrated  wherever  cells  are  asso- 
ciated  with  each  other.  I  shall  attempt  to  maintain  the  thesis  that 
the  phenomenon,  characterized  by  the  gênerai  term  "Formative 
Action,"  is  largely  the  outcome  of  thèse  two  dynamic  factors. 

Previous  attempts  to  account  for  the  formative  processes  may  be 
roughly  classified  under  the  catégories  of  pliysical  hypothèses,  chemi- 
cal  hypothèses,  the  hypothesis  of  organ-forming  materials,  and  the 
hypothesis  of  physiological  activities.  I  shall  not  attempt  to  consider 
the  vitalistic  hypothesis  that  stands  in  contrast  to  ail  of  thèse  taken 
together,  because  if  we  can  account  for  the  formative  action  as  the 
outcome  of  irritability  and  contractility  the  question  as  to  whether 
they  are  vitalistic  or  mechanical  is  a  further  question  with  which  we 
hâve  no  concern  hère.  It  seems  to  me  that  none  of  the  hypothèses 
so  far  advanced  hâve  succeeded  in  referring  the  formative  processes 
to  a  satisfactory  category.  iNIy  reasons  for  thinking  so  may  first  be 
briefly  summarized. 

That  such  physical  processes  as  surface  tension,  osmotic  pressure, 
and  the  like,  do  not  represent  the  essential  changes  of  a  formative 
kind,  is  indicated  by  the  absence  of  any  close  parallelism  between 
the  development  and  changes  of  pressure  artificially  induced  in  the 
surroundings.  It  is  only  when  the  external  change  is  so  great  as  to 
'seriously  affect  the  normal  processes  that  any  obvions  resuit  is  pro- 
duced.  It  has  been  shown,  for  example,  that  when  varying  quantities 
of  sugars  or  indiffèrent  salts  are  added  to  the  normal  médium  very 
little  effect  on  the  character  of  the  formative  processes  is^  produced. 
It  is  only  when  a  certain  limit  is  reached  that  the  effects  are  sudden 
and  marked,  producing  results  that  are  largely  destructive  to  ail 
formative  action. 

That  chemical  changes  take  place  durîng  the  period  of  formative 
action  need  not  for  a  moment  be  denied,  but  there  is  at  présent  little 
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to  mdicate  that  any  of  the  familiar  chemical  processes  are  the  causes 
of  the  change.  On  the  contrary,  it  appears  that  thèse  chemical  changes 
foUow  rather  than  précède  the  forraative  act.  It  is  difficult,  I  admit, 
to  bring  forward  convincing  proof  of  this  statement,  especially  so 
when  it  may  well  be  that  irritabihty  and  contractihty  are  themselves 
chemico-physical  processes  ;  but  if  we  can  trust  microscopical  obser- 
vation and  micro-chemical  reactions,  no  other  chemical  changes  of 
a  visible  kind  can  be  detected,  during  gastrulation  for  example, 
tliat  would  seem  comparable  with  the  magnitude  of  the  events  then 
taking  place. 

The  hypothesis  of  formative  stuflFs  has  found  favor  with  some  of 
our  ablest  investigators,  and  there  is  some  expérimental  évidence  that 
seems  most  easily  interpreted  by  this  hypothesis.  The  fact  that  the 
egg  is  not  homogeneous  but  contains  visibly  différent  substances,  and 
that  thèse  are  to  some  extent  difîerently  distributed  during  segmen- 
tation, has  been  interpreted  to  mean  that  thèse  substances  are 
organ-forming;  that  their  présence  in  certain  régions  leads  inevitably 
to  the  development  of  certain  organs  of  which  they  are  simply  the 
precursors  or  the  undeveloped  primordia.  In  the  process  of  régén- 
ération also  we  fînd  that,  as  a  rule,  like  material  produces  like,  and 
if  we  are  justified  in  identifying  the  materials  of  the  body  with  the 
organ-forming  materials  of  the  egg,  we  can  easily  construct  a  con- 
sistent materialistic  theory  of  development  and  régénération. 

Despite  thèse  obvions  and  convenient  advantages,  I  do  not  think 
we  can  fînd  an  explanation  of  the  formative  processes  by  means  of 
the  assumption  of  organ-forming  materials  alone,  although  it  is  essen- 
tial  to  every  theory  of  development  that  is  based  on  material  or 
physical  factors  to  postulate  that  the  différent  fate  of  différent  ré- 
gions résolves  itself  in  the  last  analysis  into  différences  in  the  différent 
parts  of  the  segmented  egg;  but  the  essential  point  is  how  thèse 
différences  arise,  whether  preformed  materials  are  the  necessary  anté- 
cédents of  the  embryonic  organs,  or  whether  the  différences  arise 
through  molecular-dynamic  changes  in  the  différent  régions  of  the 
egg  iii  relation  to  each  othcr. 

The  following  considérations  seem  to  me  to  indicate  that  the  dif- 
férences shown  by  différent  blastomeres  are  largely  due  to  molecular- 
dynamic  changes  rather  than  to  a  distribution  of  organ-forming 
materials  of  the  egg. 

(1)  Segmentation  does  not  appear  to  separate  sharply  the  sup- 
posed  organ-forming  materials  of  the  egg,  but  many  ceîls  that  hâve 
différent  fates  contain  varying  amounts  of  the  egg's  materials;  yet 
the  organs  themselves  are  sharply  defined,  and  the  border  cells 
strictly  marked  off  from  each  other. 

(2)  In  some  of  the  cases  in  which  it  has  been  possible  to  separate 
by  means  of  the  centrifuge  the  visible  substances  of  the  egg,  it  has 
been  found  that  they  are  not  formative  in  the  sensé  of  determining 
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by  their  présence  the  development  of  the  différent  régions.  On  the 
other  hand,  it  may  be  granted  that  there  may  be  other  materials  in 
the  egg  that  do  not  centrifuge  whose  présence  is  essential  to  the 
development  of  certain  organs. 

(3)  If  the  médian  plane  of  the  embryo  may  correspond  tp  any  one 
of  the  primary  meridians  of  the  egg  —  which  one  being  determined 
by  some  such  external  factor  as  the  entrance  of  the  sperm  (or,  in 
parthenogenesis,  by  the  accidentai  position  of  the  primary  centro- 
some)  —  we  see  that  the  materials  around  the  primary  axis  of  the 
egg  are  at  each  level  multivalent,  and  the  fate  of  each  particular 
région  is  determined  by  its  relation  to  other  régions,  rather  than  by 
its  peculiar  material  basis.  If  this  view  is  correct  it  imposes  on  the 
theory  of  formative  stuffs  disastrous  limitations.  I  much  doubt  if 
the  most  ardent  advocate  of  the  hypothesis  of  formative  stuffs  is 
prepared  to  maintain  that  there  are  présent  in  the  unsegmented  egg 
materials  for  each  détail  of  ail  the  organs. 

(4)  The  formation  of  whole  embryos  from  isolated  blastomeres 
shows  that  in  some  eggs  the  relation  of  the  parts  can  be  determined 
after  cleavage.  Hence  there  is  a  wide  latitude  for  readjustment  of 
the  parts  to  each  other.  It  is  true  that  at  the  other  end  of  the  séries 
there  are  eggs  in  which  isolated  blastomeres  show  self-differentiation, 
but  this  can  be  accounted  for  by  the  earlier  stages  at  which  dynamic 
effects  are  produced. 

There  is  a  more  elusive  type  of  the  formative  substance  hypothe- 
sis that  refers  the  formative  materials  to  ultra-microscopical  particles 
(gemmules,  etc.),  but  it  seems  very  improbable  that  in  the  rapid  pro- 
cess  of  egg  development  the  successive  changes  could  possibly  be  due 
to  quickly  succeeding  nuclear  émanations  of  material  particles  that 
replace  the  old  material  and  replenish  the  cell  at  each  new  phase  with 
new  particles.  If  it  be  assumed  that  such  materials  hâve  previously 
been  made  while  the  egg  was  still  growing  in  the  ovary,  then  they  are 
already  présent  in  their  totality  when  development  begins.  Our  prés- 
ent problem  is  concerned  only  with  the  mature  egg. 

The  question  has  also  arisen  as  to  how  far  during  régénération 
the  physiological  activities  of  the  old  tissues  may  be  responsible  for 
the  kind  of  changes  that  take  place  in  the  new.  This  view  seems 
sometimes  to  mean  that  the  activities  in  the  old  parts  détermine  that 
those  in  the  new  part  shall  be  of  the  same  nature.  But  since  the 
most  characteristic  feature  of  the  new  part  is  its  supplementary 
character  in  relation  to  the  part  from  which  it  develops,  it  seems  to 
me  apparent  that  this  hypothesis  misses  the  main  point  at  issue. 
That  tiie  activity  of  an  organ  or  part  of  the  body  may  hâve  some- 
thing  to  do  with  its  well-being,  and  even  with  its  growth,  is  generally 
admitted.  Function  begets  function.  But  it  is  not  apparent  how 
this  principle  can  be  extended  to  cells  that  do  not  already  possess  in 
some  degree  the  function  to  be  developed.    This  objection  applies 
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with  especial  force  to  the  theory  of  embryonic  development,  and  I 
cannot  but  think  that  the  factors  that  control  régénération  are  only  an 
extension  or  reawakening  of  those  that  control  development  from  the 
egg,  and  of  those  regulating  the  phenomenon  of  growth  in  gênerai. 

Even  in  régénération  there  are  many  indications  that  the  localiza- 
tion  and  détermination  of  organs  take  place  long  before  the  organs 
begin  to  function,  —  as  seen  especially  well  in  the  régénération  of  the 
nervous  System  and  of  the  nephridia  in  the  earthworm,  and  in  the 
bones  in  the  closely  eut  leg  of  a  salamander.  If  in  such  cases  as 
thèse  —  and  they  might  easily  be  multiplied  manyfold  —  it  is  im- 
probable that  functional  activity  has  anything  to  do  with  the  forma- 
tive  action,  I  see  no  advantage  in  advocating  a  différent  explanation 
when  the  conditions  are  complicated  by  the  actual  movements  in- 
duced  by  the  activity  of  the  old  part. 

It  has  also  been  suggested  that  the  physiological-chemical  pro- 
cesses that  take  place  in  the  cells  of  the  old  part  détermine  the 
nature  of  the  difîerentiation  of  the  neighboring  cells  in  the  new  part. 
I  should  base  my  chief  objection  to  this  hypothesis  on  the  grounds 
that  the  hypothesis  alone  will  not  even  formally  explain  such  com- 
mon  cases  as  those  of  incomplète  terminal  régénération  as  seen  in  the 
earthworm.  Several  kinds  of  heteromorphoses  seem  also  entirely  be- 
yond  the  realm  of  possible  or  plausible  explanation. 

Brief  and  sketchy  as  this  review  of  présent  hypothèses  has  neces- 
sarily  been,  I  trust  that  I  hâve  said  enough  to  show  why  it  seems  to 
me  that  as  yet  we  hâve  not  found  among  the  suggested  causal-physical 
hypothèses  the  key  to  the  kind  of  process  that  we  call  formative.  It 
is,  of  course,  prématuré  to  expect  to  find  any  explanation  that  will 
account  in  détail  for  the  developmental  processes,  but  we  might 
expect,  I  think,  with  the  abundance  of  data  that  we  now  possess,  to 
hâve  discovered  at  least  in  what  province  of  causal  phenomena  the 
explanation  is  to  be  sought.  Despairing  of  finding  any  causal- 
mechanical  explanation,  some  of  our  most  advanced  contemporaries 
hâve  sought  consolation  in  vitalism.  But  we  are  far  from  having 
exhausted  ail  the  possibilities  of  a  causal-mechanical  kind,  and  I 
désire  to  call  attention  to  another  field  that  has  been,  as  yet,  little 
cultivated,  —  the  field  that  covers  the  gênerai  phenomena  of  irrita- 
bility  and  contractility. 

Of  my  two  postulated  principles,  that  of  contractility  is  more 
tangible,  although  irritability  is  the  spring  of  its  action  —  in  fact, 
in  its  lowest  manifestations  contractility  can  scarcely  be  dissociated 
from  its  twin  sister,  irritability. 

Whether  cell-division  itself  —  to  begin  at  the  beginning  —  is 
a  phenomenon  of  contractility  (instigated  by  a  condition  of  irrita- 
bility), can  neither  be  safely  affirmed  nor  denied  at  the  présent 
time,  but  it  seems  to  me  that  this  idea  is  not  unworthy  of  serions 
considération. 
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Gastrulation  seems  to  be  the  resiilt  of  the  cells  in  certain  régions 
changing  their  shapes.  It  lias  been  siiggested  that  the  change  in 
shape  is  due  to  différences  in  the  surface  tension  on  tlie  outer  and 
inner  ends  of  the  cells  caused,  for  instance,  by  the  accumulation  of 
Carbon  dioxid  within  the  interior  of  the  blastula.  By  puncturing  or 
centrifuging  the  blastula  of  the  frog's  egg  and  setting  free  its  con- 
tents, it  has  been  shown  with  some  probability  that  gastrulation  can- 
not  be  accounted  for  in  this  way.  Àlso  after  increasing  the  aniount 
of  Carbon  dioxid  in  the  surrounding  médium  to  an  amount  [)resum- 
ably  équivalent  to  what  the  interior  of  the  egg  may  be  supposed  to 
contain,  it  has  been  found  that  gastrulation  may  still  take  place. 

It  has  been  shown,  by  cutting  ofî  parts  of  the  blastula,  that  the 
cells  hâve  remarkable  powers  of  contractility  so  that  they  readily 
change  their  shape  in  order  to  close  an  open  space.  If  we  make  this 
same  property  responsible  for  gastrulation,  we  appeal  to  a  demon- 
strable  property  of  the  cells.  For  thèse  and  other  reasons  it  seems  to 
me  probable  that  gastrulation  may  be  simply  a  contractile  phenome- 
non.  If  this  be  granted,  we  find  hère  a  principle  that  can  be  applied 
to  ail  other  cases  where  formative  changes  take  place  by  pouch-like 
outgrowths  or  ingrowths. 

Another  even  more  common  process  that  brings  about  changes  in 
form  is  that  of  thickening  in  certain  régions,  —  prolifération  being 
only  a  variant  of  the  same  process.  The  formation  of  the  medullary 
tube  of  the  vertebrates  furnishes  a  good  example.  The  cells,  présent 
at  first  over  a  wide  area,  draw  together  by  a  change  of  shape  until 
they  come  to  form  a  small,  nearly  solid  tube.  I  know  of  no  other 
explanation  compétent  to  account  so  well  for  this  process  as  a  change 
in  shape  resulting  from  the  contraction  of  the  individual  cells.  The 
resuit  is  due,  not  to  the  contraction  of  the  medullary  plate  as  a  whole, 
nor  to  growth  in  certain  régions  (which  might  account  for  the  bend- 
ing  in),  but  rather  to  a  continuons  process  of  shifting  of  the  cells  on 
each  other. 

Were  there  time  to  go  into  détails  it  could  be  shown  that  most  of 
the  changes  in  embryonic  form  can  be  similarly  accounted  for  as  the 
outcome  of  the  contractile  changes  shown  by  the  cells  of  différent 
régions.  If  we  admit  that  régional  différences  exist  —  in  fact,  we 
hâve  ocular  évidence  that  they  do  —  we  can  understand  that  différ- 
ences in  the  behavior  of  the  cells  of  thèse  régions  must  exist  also. 

In  respect  to  régénération  we  find  that  one  of  the  first  changes  that 
takes  place  when  a  part  is  removed  is  the  closure  of  the  eut  surface. 
I  hâve  studied  this  process  with  some  care  in  the  hydroid  Tubularia, 
and  had  previously  donc  so  in  the  embryo  of  the  frog.  In  both,  the 
closure  is  due  to  a  contractile  process  of  the  cells,  especially  of  those  near 
the  eut  surface,  —  those,  in  fact,  that  hâve  lost  connection  with  their 
fellow  cells  and  in  conséquence  their  previous  state  of  tension.  The 
process  involves  the  eut  edge  as  a  whole,  and  the  changes  that  follow 
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extend  in  diminishing  force  to  more  distant  régions  of  the  organism. 
The  edge  behaves  as  a  whole  because  ail  the  cells  at  a  given  distance 
frora  the  eut  surface  are  under  the  same  influence  and  readjust  them- 
selves  to  each  other  accordingly.  Thus,  while  the  individual  cells  act 
as  units,  their  activity  is  regulated  into  a  continuons  process  on  ac- 
count  of  the  uniformity  of  the  stimulus,  conditioned,  however,  by  the 
relation  of  the  cells  to  each  other  ;  for  the  mutual  contact  of  the  cells 
is  one  of  the  controlling  influences  in  the  change.  One  appréciâtes 
this  fact  most  clearly  if,  after  cutting,  the  exposed  edges  are  brought 
again  into  contact.  Despite  the  fact  that  they  hâve  been  momen- 
tarily  exposed  to  the  surrounding  médium,  they  cease  or  do  not  begin 
to  contract  when  the  contact  with  other  cells  is  again  established. 

Some  time  after  the  eut  surfaces  hâve  closed,  the  cells  near  the  eut 
end  lose,  in  part,  their  former  difl^erentiations  ;  the  localization  of  the 
new  organs  then  foUows,  and  later  the  redifïerentiation  of  the  cells. 
This  séries  of  events  can  be  understood,  in  a  sensé,  as  due  to  a  loss 
of  the  original  contact  relations  which  are  not  regained  by  the  closure 
of  the  eut  surface.  There  follows,  as  a  conséquence,  a  loss  of  the 
original  difi^erentiation  of  the  cells  near  the  eut  surface.  A  rediffer- 
entiation  follows,  based  on  the  new  contact  relations  established 
between  the  old  and  the  new  cells.  In  fact,  there  is  seldom  any  such 
sharp  line  between  the  old  and  the  new  cells  as  is  generally  supposed. 
We  find,  on  the  contrary,  that  the  loss  of  difterentiation  is  most  at 
the  eut  edge,  and  gradually  less  in  the  old  parts.  Correspondingly 
there  is  less  remodelling  of  the  cells  the  farther  they  lie  from  the  eut 
surface. 

Before  the  diiïerentiation  begins,  the  localization  of  the  new  organs 
takes  place.  This  is  accomplished  l)y  exactly  the  same  kinds  of  pro- 
cesses that  occur  in  embryonic  development,  namely,  invagination, 
thickening,  —  with  or  without  cell  divisions,  —  inwandering,  and  the 
like.  If  we  ascribe  thèse  changes  to  contractility  in  the  embryo,  we 
may  safely  use  the  same  explanation  for  the  regenerative  process.  It 
is  the  localization  of  thèse  contractile  phenomena  (that  are  only  the 
visible  changes  of  what  is  going  on)  that  is  the  really  essential  problem 
of  formative  action. 

The  dictum  that  the  fate  of  a  cell  is  a  function  of  its  position  has 
been  in  the  main  substantiated,  provided  we  admit  that  before  the 
process  of  cleavage  itself  a  change  is  initiated  that  has  an  important 
bearing  on  the  fate  of  the  cell.  How  far  this  change  is  directly  caused 
before  the  division  process  or  results  afterward  from  the  relation  of 
the  cell  to  its  neiffhbors,  need  not  be  discussed  for  the  moment. 

My  studies  of  the  regenerative  process  led  me  to  conclude  that  the 
pressure  and  tension  relations  of  the  parts  with  respect  to  each  other 
furnish  the  stimuli  that  lead  to  formative  changes.  The  kind  of 
response  to  pressure  that  occurs  was  supposed  to  be  determined  by 
the  material  basis  of  the  embryonic  cells,  and  by  the  material  char- 
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acter  of  the  differentiated  cells.  This  view,  as  a  first  approximation, 
still  seems  to  me  to  contain  a  part  of  the  truth;  but  it  is  insufficient 
in  so  far  as  it  seems  to  refer  the  formative  changes  to  the  direct  resuit 
of  mechanical  pressure  and  tension.  It  seems  to  me  now  that  the 
resuh  is  more  indirect,  for  the  irritabiUty  of  the  cell  is  the  real  factor 
that  détermines  its  relation  to  other  cells;  and  while  pressure  is  one 
factor  that  has  an  important  influence  in  exciting  the  irritability  of 
the  cell  and  leading  to  a  reaction  in  it,  yet  the  kind  of  response  is  de- 
termined  by  the  irritability  rather  than  by  the  pressure.  Moreover, 
the  cells  themselves  are  not  simply  held  together  by  pressure,  but 
their  relation  to  each  other  is  also  regulated  through  their  contact 
reaction. 

Two  essential  points  are  involved  in  the  preceding  discussion  :  first, 
the  action  of  the  formative  changes  in  the  undivided  and  dividing 
egg,  and  second,  the  reaction  between  the  blastomeres  after  their  for- 
mation. If  the  effg  were  onlv  a  mixture  of  materials,  in  the  sensé  of 
having  no  other  formative  factors  than  that  possessed  by  a  mixture, 
localization  would  be  due  to  external  factors  to  which  différent  parts 
of  the  egg  respond  differently.  Since  it  has  been  shown  to  be  im- 
probable that  the  visibly  différent  materials  in  the  egg  cause  develop- 
ment  in  this  way,  and  further,  since  any  part  of  some  eggs  may 
produce  a  whole  embryo,  we  must  assume  that  localization  is  the 
resuit  of  some  other  property  of  the  egg  ;  and  it  seems  probable  that 
this  must  be  referred  to  the  molecular  structure  of  the  egg  that  gives 
to  it  its  stereometrical  relations.  Such  an  arrangement  can  not  be  an 
absolute,  but  a  relative  one,  a  condition  of  equilibrium  for  whatever 
amount  of  material  is  présent.  On  this  assumption  we  can  give  a 
consistent  account  of  the  expérimental  results.  This  idea  leads  to  a 
fundamental  considération.  It  is  assumed  that  the  molecular  ar- 
rangements of  the  egg  furnish  the  basis  for  the  changes  that  take 
place  during  development.  The  blastomeres  owe  their  determi native 
character,  in  the  first  instance,  to  this  molecular  structure.  After 
division  each  retains  its  fundamental,  supplemental  relation  to  the 
rest.  But  this  is  maintained  only  so  long  as  the  blastomere  remains 
a  part  of  the  whole,  and  may  change  if  its  relation  to  the  others  is 
altered.     The  extent  to  which  it  may  change  difîers  in  différent  eggs. 

To  sum  up  :  —  Our  knowledge  of  cells  justifies  us  in  attributing  to 
them  individually  the  properties  of  irritability  and  contractility,  —  the 
reaction  depending  on  the  nature  of  the  stimulus  and  the  material  com- 
position of  the  protoplasm.  The  sum  total  of  the  effect  produced  is 
the  formative  action.  A  change  in  any  one  part  involves  changes  in  ail 
other  parts  in  proportion  to  their  distance  from  the  primary  change. 
Hence  the  formative  influence  seems  to  affect  the  organism  as  a  whole. 
In  reality  it  is  the  total  effect  of  a  vast  number  of  small  effects  trans- 
mitted  from  cell  to  cell,  owing  to  their  contact  with  each  other.  We 
need  not  suppose  that  irritability  is  an  impulse  that  is  transmitted  as 
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such  from  cell  to  cell,  but  rather  that  each  cell  responds  to  any  and 
ail  changes  of  position  of  neighboring  cells  as  the  resuit  of  a  contact 
reaction  of  the  cells  with  each  other.  In  other  words,  what  we  call 
contact-action  or  stereotropism  (that  plays  a  rôle  in  many  unicellar 
and  in  some  multicellar  organisms  with  regard  to  external  reactions) 
represents  also  the  kind  of  reaction  that  takes  place  between  the  cells 
of  the  embryo.  They  react  by  contracting,  which  leads  to  a  change  of 
shape,  and  the  sum  total  of  such  reactions  is  the  Formative  Principle 
of  development  and  régénération. 


THE     QUANTITATIVE     STUDY     OF     THE     INTERNAL 
FACTORS   CONTROLLING   REGENERATION 

CHARLES   ZELENY 

OuR  knowledge  of  the  internai  factors  controlling  régénération 
is  based  in  large  part  on  single  cases,  which  are  analyzed  in  the  at- 
tempt  to  deduce  the  probable  factors  concerned.  This  method  is 
subject  to  error  in  at  least  two  important  points  :  first,  a  comparative 
study  is  necessary  in  order  to  eîiminate  the  non-essential  charac- 
teristics;  second,  because  of  individual  variation  and  the  possibility 
of  différence  in  expérimental  conditions  a  few  individuals  are  not 
sufficient  to  enable  one  to  come  to  a  décision  as  to  the  importance  of 
any  factor. 

In  the  investigation  of  a  great  many  of  the  factors  controlling 
régénération  it  is  therefore  obviously  necessary  to  use  a  considérable 
number  of  individuals.  By  comparing  a  large  group  with  another 
group  difîering  only  with  respect  to  the  factor  to  be  studied,  it  is 
evidently  possible  to  obtain  definite  quantitative  data  regarding  the 
factor  concerned. 

I  wish  to  call  your  attention  to  récent  w^ork  along  thèse  Unes, 
partly  completed  and  partly  in  progress,  which  shows  the  feasibility 
of  this  method  in  the  study  of  certain  internai  factors  at  least. 

Four  factors  may  be  chosen  for  this  purpose  :  first,  the  relation  of 
degree  of  injury  to  the  rate  of  régénération;  second,  the  efîect  of 
successive  removal  on  régénération;  third,  the  effect  of  âge  on  ré- 
génération; and  fourth,  the  effect  of  removal  and  régénération  of 
an  organ  upon  other  parts  of  the  body. 

Taking  thèse  up  in  turn,  the  first  to  be  considered  is  the  effect  of 
degree  of  injury  on  the  rate  of  régénération. 

The  results  of  two  completed  cases  hâve  been  printed.  The  first 
of  thèse  concerns  the  arms  of  the  brittle-star,  Ophioglypha  lacertosa. 
Five  groups  of  individuals  were  used  in  the  experiment,  as  foUows  : 

(o)  One  arm  removed. 

(6)   Two  arms      " 

(c)  Three  " 

(d)  Four     " 

(e)  Five      " 

It  was  found  that  animais  with  four  removed  arms  showed  the 
greatest  rate  of  régénération,  and  from  this  maximum  the  rate  de- 
creased  in  both  directions. 
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The  second  case  concerns  the  chelse  of  the  crayfish,  Cambarus 
■propiiiquus.     Two  groups  of  crayfish  were  used,  as  follows: 

(a)  With  the  right  chela  removed. 

(b)  With  l)oth  chelœ  and  the  last  two  pairs  of  walking  legs  removed. 
It  was  found  that  the  rate  of  régénération  of  the  right  chela  in  the 

second  group,  the  one  with  the  gréa  ter  in  jury,  was  greater  than  in 
the  first  group.  This  case  is  complicated  by  factors  related  to  the 
moulting  habit,  and  may  hâve  to  be  modified  after  a  more  extended 
study  of  thèse  relations. 

A  third  case,  completed  and  in  press,  has  been  worked  out  by 
my  student,  Mr.  EUis.  It  concerns  the  walking  legs  of  the  fresh-water 
sow-bug,  Mancasellus  macrourus.  Several  groups  of  individuals 
were  compared,  which  were  différent  only  as  regards  the  number  of 
legs  removed.  It  was  found  that  the  lowest  rate  of  régénération  did 
not  come  when  one  leg  alone  was  removed  but  when  tw^o  or  three 
were  removed.  From  this  maximum,  as  before,  the  rate  was  found  to 
diminish  in  both  directions. 

In  a  fourth  case  the  author  has  completed  the  experiments,  but 
the  data  are  not  yet  fully  worked  up.  The  gênerai  data  and  results 
follow.  Five  groups  of  the  scyphozoan,  Cassiopea  xamachana,  were 
ûsed  : 

(a)  One  oral  arm  removed. 

{h)  Tw^o  oral  arms      " 

(c)  Three"       " 
{d)  Four    "       " 

(e)   Five     "       "  " 

It  was  found  that  the  rate  of  régénération  of  an  arm  is  greatest 
w^hen  three  arms  are  removed,  and  from  this  maximum  it  dimin- 
ishes  in  both  directions. 

Other  cases,  including  salamander  and  frog  larvae,  w^ill  soon  be 
completed. 

The  gênerai  resuit  is  clear,  that  an  appendage  does  not  régénéra  te 
at  its  maximum  rate  when  it  alone  is  removed.  The  maximum  rate 
occurs  when  other  appendages  are  removed  at  the  same  time.  The 
amount  of  this  additional  injury  necessary  to  bring  about  the  maxi- 
mum rate  varies  in  différent  species. 

I  wish  to  emphasize  the  point  that  the  détermination  of  this 
gênerai  fact  has  necessitated  the  use  of  both  the  quantitative  and 
the  comparative  method. 

The  second  factor  is  the  effect  of  successive  injury  on  régénéra- 
tion. The  gênerai  statement  has  frequently  been  made  that  succes- 
sive removal  does  not  influence  the  character  of  régénération,  but 
this  conclusion  is  not  based  on  any  adéquate  data. 

One  experiment  under  this  head  has  been  completed  and  its  re- 
sults are  now  in  press.  It  concerns  the  successive  régénérations  of 
the  right  chela  in  the  gulf-weed  crab,  Portunus  sayi.    A  study  based 
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on  about  two  hundred  individuals  shows  that  the  rate  of  régénéra- 
tion increases  with  successive  injury,  but  this  increase  in  rate  is 
entirely  due  to  increase  with  âge.  Therefore  it  is  concluded  that  in 
this  case  successive  removal  neither  accélérâtes  nor  retards  the  rate 
of  régénération. 

Tiiree  experiments  hâve  been  completed  and  measurements  are 
now  being  taken.     Thèse  are  : 

(2)  The  chelœ  of  the  shrimp. 

(3)  The  chelae  of  the  crayfish. 

(4)  The  tail  of  the  salamander  larva. 

The  third  factor  is  the  effect  of  âge  on  régénération.  Considérable 
gênerai  work  has  been  donc  along  this  Une,  though  very  little  of  it  is 
conclusive.  The  gênerai  statement  is  made  that  young  animais  re- 
generate  more  rapidly  than  older  ones.  Several  exceptions  hâve, 
however,  been  pointed  out. 

One  experiment  under  this  head  has  been  completed  and  the  re- 
sults  are  in  press.  It  is  a  study  of  the  régénération  of  the  chelœ  in 
the  maie  gulf-weed  crab,  Portunus  sayi. 

In  normal  crabs  the  spécifie  length  of  the  chelae,  that  is,  the  chela 
length  divided  by  the  thoracic  length,  increases  slightly  with  âge 
between  the  limits  of  3.0  and  lo.O  mms.  of  thoracic  length.  Cor- 
respondingly  between  thèse  limits  there  is  a  slight  increase  in  spécifie 
rate  of  régénération  with  âge.  If,  however,  we  divide  the  regeneratod 
chela  length  in  each  case  by  the  removed  or  original  chela  length,  we 
get  a  spécifie  rate  which  is  constant  for  ail  sizes  of  individuals.  This 
more  valid  spécifie  rate  shows  that  there  is  no  change  in  the  power  of 
régénération  between  the  limits  named. 

Experiments  on  the  chelae  of  the  shrimp  and  crayfish  and  on  the 
tail  of  frog  and  salamander  tadpoles  hâve  been  completed  and  meas- 
urements are  being  made. 

The  fourth  factor  is  the  effect  of  removal  and  régénération  of  an 
organ  upon  other  organs  of  the  body.  In  cases  where  no  régénéra- 
tion takes  place  it  has  been  known  for  a  long  time  that  removal  of 
an  organ  is  often  followed  by  increase  in  size  and  functional  efficiency 
of  other  similar  organs  of  the  body.  Thus,  when  an  arm  or  kidney 
is  removed  the  corresponding  organ  of  the  other  side  of  the  body  is 
increased  in  size  and  efficiency. 

It  is  interesting  to  see  whether  such  an  increase  occurs  in  case 
régénération  of  the  removed  organ  takes  place.  The  détermination 
of  this  fact  must  necessarily  hâve  an  important  bearing  on  the  ques- 
tion of  distribution  of  formative  and  food  material  during  both  ré- 
génération and  hypertrophy.  It  has  already  been  shown  that  in  some 
cases  where  two  opposite  appendages  of  an  animal  are  asymmetrical 
the  removal  of  the  larger  one  brings  about  a  structural  as  well  as  a 
quantitative  change  in  the  other.  This  was  discovered  by  Przibram 
in  the  chelae  of  Alpheus,  and  independently  by  the  author  in  the  case 
of  the  opercula  of  the  serpulid  worms. 
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It  remains  to  détermine  whether  a  similar  change  occurs  in  the 
case  of  symmetrical  opposite  organs. 

One  experiment  has  been  complétée!  and  its  results  are  now  in 
press.  It  concerns  the  effect  of  removal  and  régénération  of  the 
right  chela  upon  the  growth  of  the  left  chela  in  the  gulf-weed  crab, 
Portunus  sayi.  It  was  found  that  the  growth  of  the  left  chela  is  not 
infîuenced  by  the  removal  and  régénération  of  the  right  chela. 

An  experiment  along  similar  lines  on  the  chelse  of  the  shrimp  has 
been  completed,  and  the  measurements  will  be  made  as  soon  as 
possible. 

It  seems  to  the  author  that  the  examples  given  are  sufïicient  to 
indicate  the  feasibility  of  the  method  in  the  study  of  thèse  and  other 
internai  factors  controlling  régénération. 


THE  EMBRYOLOGICAL  SIGNIFICANCE  OF  THE  DIREC- 
TION OF  DIFFERENTIATION  IN  REGENERATING 
APPENDAGES 

CHARLES   ZELENY 

Studies  of  the  problem  of  differentiation  hâve  been  based  in 
large  part  on  the  considération  of  the  process  as  directed  by  one  or 
the  other  of  two  opposing  principles.  According  to  one,  differentia- 
tion is  essentially  or  wholly  controlled  from  within,  while  according 
to  the  other  the  outer  relations  of  the  parts,  especially  the  functional 
contact  with  the  outside  world,  are  the  essential  factors.  If  the  fîrst 
of  thèse  is  the  correct  one,  differentiation  may  be  expected  to  proceed 
in  an  outward  direction.  If  the  second  is  true,  differentiation  should 
proceed  in  an  inward  direction. 

Most  of  the  récent  discussions  hâve  assumed  one  or  the  other  qf 
thèse  directions  of  differentiation  to  be  the  essential  one.  For  in- 
stance, Holmes  in  a  récent  paper  considers  differentiation  to  proceed 
essentially  from  within  outward,  while  Child  considers  the  opposite 
direction  to  be  the  primary  one. 

I  wish  to  call  your  attention  to  some  récent  observations  on  the 
régénération  of  appendages  which  show,  first,  that  both  directions 
may  occur  within  the  period  of  development  of  a  single  appendage; 
second,  that  one  direction  may  occur  in  one  appendage  and  the  other 
direction  in  another  appendage  of  the  same  animal;  third,  that 
this  différence  in  direction  of  differentiation  cannot  at  présent  be 
explained  by  any  différences  in  structure  or  relations  of  the  adjacent 
old  parts  from  which  the  new  ones  are  growing;  fourth,  that  there 
are  indications  of  a  close  relation  between  the  direction  of  differentia- 
tion and  the  relative  functional  importance  of  the  parts  of  the  organ 
about  to  be  formed.  In  other  words,  the  part  of  more  immédiate 
value  is  formed  fîrst.  The  c^rection  of  differentiation  is  thus  of  pro- 
spective significance  in  much  the  same  sensé  that  Lillie  showed  the 
character  of  cleavage  to  be  of  prospective  significance  in  many 
cases. 

The  observations  upon  which  thèse  conclusions  are  based  were 
made  by  the  author  upon  the  antennule  of  the  fresh-water  sow-bug, 
Mancasellus  macrourus,  and  by  his  student,  John  D.  Haseman,  on  the 
antenna  of  Mancasellus  macrourus,  on  the  antenna  and  antennule 
of  Eucrangonax  gracilis,  on  the  walking  legs  of  Mancasellus  mac- 
rourus and  Eucra7igonax  gracilis  and  on  the  chelœ  and  walking  legs 
of  the  crayfish,  Cambarus  propinquus.    In  the  case  of  the  antennule 
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of  Mancascïlus  macrourus  the  embryonic  as  well  as  the  regeneratory 
(levelopment  was  worked  ont,  and  it  was  found  to  agrée  with  the  latter 
in  ail  respects. 

According  to  thèse  observations  differentiation  in  the  antenna 
and  antennule  of  M.  macrourus  and  the  antenna  of  E.  gracilis  pro- 
ceeds  for  a  short  time  from  within  outward,  and  then  beirins  at  the 
tip  and  proceeds  inward.  Since  the  antennœ  and  antenniiles  are 
essentially  sensé  organs,  the  terminal  portions  are  obviously  of  most 
importance  in  the  exercise  of  their  peculiar  functions,  and  correspond- 
ingly  it  is  found  that  as  soon  as  the  few  basai  supporting  segments 
are  formed  the  terminal  segment  is  the  first  to  be  differentiated. 

In  the  thoracic  appendages  of  the  crayfish  Haseman  lias  found 
a  very  interesting  différence  in  direction,  Working  first  on  the  last 
two  pairs  of  walking  legs,  the  ones  without  pinchers,  he  found  that 
differentiation  proceeds  from  the  base  outward,  the  basai  segment 
being  separated  first  and  the  terminal  one  last.  With  this  the  direc- 
tion in  the  walking;  leffs  of  IMancaselhis  and  Eucrang-onax  agrées. 
Since  this  direction  is  the  reverse  of  that  described  by  Emmel  for 
the  chelae  of  the  American  lobster  Haseman  was  led  to  repeat  the 
experiment  on  the  chelœ  of  the  crayfish.  He  finds  that  in  the  chelse 
and  first  two  pairs  of  walking  legs,  the  ones  with  pinchers,  the  termi- 
nal or  pincher  segments  are  the  first  to  be  formed,  thus  confirming 
Emmel's  observations.  In  the  crayfish,  then,  the  chelse  and  first  two 
pairs  of  walking  legs  difïerentiate  from  the  tip  inward,  while  the  last 
two  pairs  of  walking  legs  difïerentiate  from  the  base  outward.  Obvi- 
ously the  pinching  segments  are  the  essential  ones  in  the  former 
instance,  as  far  as  the  typical  function  of  the  organs  is  concerned,  while 
in  the  latter  appendages  the  terminal  segment  is  not  of  spécial  or 
distinctive  importance.  Thus  the  direction  of  differentiation  can  be 
associated  with  the  prospective  value  of  the  parts  to  be  formed. 

It  seems  to  the  author  that  a  further  study  of  the  factors  determin- 
ing  this  différence  will  yield  valuable  results,  not  only  in  regenerating 
organs  but  also  in  normal  embryonic  development.  At  any  rate,  no 
gênerai  theory  concerning  the  factors  controlling  régénération  can 
be  accepted  which  does  not  take  into  account  thèse  différences  in 
direction  of  differentiation. 


CORRELATION   IN   REGULATION 
C.  M.  CHILD 

The  phenomena  of  form-regulation  in  certain  species  which  in 
nature  give  rise  to  colonies,  afford  a  basis  for  conclusions  of  import- 
ance for  organisms  in  gênerai.  In  Tubularia,  for  example,  where  the 
complète  individual  or  System  consists  of  hydranth,  stem,  and  stolon, 
growth  of  this  System  beyond  a  certain  size-limit,  which  varies  greatly 
in  différent  cases,  results  in  the  formation  of  new  Systems  frora  a  part 
of  the  cells  présent,  and  a  colony  arises.  But  we  are  also  able  to  ob- 
serve colony-formation  in  Tubularia  under  expérimental  conditions 
and  to  control  it  to  a  certain  extent. 

The  formation  of  a  hydranth  at  the  aboral  end  of  a  pièce  of 
Tubularia-stem  which  bears  an  oral  hydranth  is  as  certainly  a  case 
of  asexual  multiplication,  colony-formation,  or,  as  we  may  call  it, 
division  of  the  System,  as  any  that  occurs  in  nature  under  normal 
conditions.  In  pièces  of  Tubularia-stem  with  a  free  eut  surface  at 
each  end  a  hydranth  appears  at  the  oral  end,  and  at  first  either  a 
stolon  or  a  hydranth,  but  in  most  cases  fînally  a  hydranth  at  the 
aboral  end.  The  frequency  of  stolon-formation  is  greatest  in 
freshly  collected  spécimens,  and  decreases  as  the  length  of  time  in  cap- 
tivity  increases.  In  other  words,  the  longer  the  spécimens  are  kept 
under  artificial  conditions  the  earlier  and  more  readily  does  divi- 
sion of  the  System  occur.  Moreover,  when  pièces  of  différent  lengths 
with  oral  ends  at  the  same  level  are  compared,  we  find  that  the  aboral 
hydranth  appears  in  gênerai  earlier  in  longer  and  later  in  shorter 
pièces  down  to  a  certain  limit,  i.  e.,  the  longer  the  pièce  the  earlier 
does  division  of  the  System  occur,  and  vice  versa.  Such  division  of 
the  System,  i.  e.,  the  formation  of  a  second  hydranth  at  the  aboral 
end  of  the  stem  in  place  of  a  stolon,  can  occur  only  when  this  région 
is  to  a  greater  or  less  extent  physiologically  isolated  from  other  parts, 
i.  e.,  when  its  corrélations  with  other  parts  of  the  System  are  reduced 
below  a  certain  minimum. 

From  thèse  and  many  other  experiments  we  must  conclude  that 
the  formation  of  an  aboral  hydranth  in  pièces  of  Tubularia-stems 
bearing;  an  oral  hvdranth  is  due  essentiallv  to  a  decrease  in  the  size- 
limits  of  the  System  below  the  size  of  the  pièce,  in  conséquence  of 
which  a  more  or  less  complète  physiological  isolation  of  the  aboral 
région  occurs,  and  this  région  reacts  at  its  free  end  as  if  almost  or 
quite  physicaDy  isolated,  and  forms  a  hydranth.    This  being  the  case, 
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it  follows  that  the  size-Iimits  of  the  System  vary  with  conditions.  The 
facts  noted  above,  concerning  the  frequency  of  stolon-formation  and 
the  time  of  aboral  hydranth-formation,  indicate  that  the  size-limits 
of  the  System  decrease  with  decreasing  vigor  of  the  System. 

In  other  words,  distance  is  a  factor  of  great  importance  in  corré- 
lation. The  greater  the  vigor  of  the  System,  the  greater  the  distance 
within  which  the  corrélations  are  effective,  and  vice  versa.  Increase 
in  vigor  brings  about  increase  in  the  size-limit  of  the  System,  and 
decrease  in  vigor  results  in  decrease  in  the  size-limit.  The  distance- 
factor  in  corrélation  is  probably  to  be  interpreted  as  indicating  a 
decrease  in  effectiveness  in  transmission  of  stimuli  and  other  physio- 
logical  effects  from  their  point  of  origin. 

According  to  this  view  asexnal  multiplication  may  occur  either  by 
growth  beyond  the  limits  of  the  System  or  by  decrease  in  the  limits  of 
the  System  below  the  size  of  the  pièce  or  organic  continuum.  But 
typical  asexual  multiplication  can  occur  only  in  case  the  material 
which  escapes  from  corrélation  is  totipotent.  In  case  it  is  not  totipo- 
tent,  one  of  two  results  must  follow  when  it  escapes  from  corrélation  : 
viz.,  formation  of  a  partial  System  or  atrophy  and  degeneration. 

Numerous  examples  of  the  formation  of  partial  Systems  occur 
among  the  data  of  form-regulation,  and  illustrate  the  first  of  thèse 
possibilities.  In  thèse  cases  the  character  of  the  partial  System  is 
determined  by  the  previous  corrélations  of  the  région  involved  with 
other  parts,  and  by  the  présence  or  absence  and  the  character,  if 
présent,  of  corrélations  under  the  conditions  of  the  experiment. 

The  periodical  degeneration  of  the  hydranth  of  Tubularia  is  a 
good  illustration  of  the  second  alternative.  Experiments  hâve  dem- 
onstrated  that  the  hydranth  is  incapable  of  giving  rise  to  other  parts 
of  the  Tubularia-system.  It  is  also  a  well-known  fact  that  the  hydranth 
after  reaching  a  certain  size,  dégénérâtes,  even  under  natural  condi- 
tions, and  that  in  captivity  the  hydranths  are  always  lost  after  a  few 
days.  The  degenerated  hydranth  is  replaced  by  another  smaller  hy- 
dranth, which,  under  natural  conditions,  may  reach  the  same  size 
as  the  former,  or,  under  more  favorable  conditions,  even  a  larger  size, 
before  undergoing  degeneration.  In  spécimens  kept  in  captivity,  how- 
ever,  the  new  hydranth  usually  dégénérâtes  before  it  lias  reached  the 
size  of  the  former,  and  the  stem  continues  to  produce  hydranths  in 
succession,  each  smaller  than  the  preceding,  until  its  energy  is  ex- 
hausted.  Hère  the  size  attained  l)y  the  hydranth  is  manifestly  deter- 
mined by  the  physiological  condition  of  the  system.  In  other  words, 
the  maximal  size-limit  of  the  hydranth-system  varies  with  the  condi- 
tion of  the  whole  System.  Since  the  parts  of  the  hydranth  possess 
the  power  of  indefinite  growth,  but  are  incapable  of  giving  rise  to 
other  parts  of  the  Tubularia-system  when  they  escape  from  corréla- 
tion, they  must  undergo  degeneration  when  tlie  size-limit  correspond- 
ing  to  the  existing  conditions  is  exceeded. 
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The  simultaneous  formation  of  double  structures  in  very  short 
pièces  of  Tubuhiria  and  of  varions  other  forms  must  be  primarily  the 
resuit  of  absence  or  insufficiency  of  corrélation  between  the  two  ends 
of  the  pièce  in  conséquence  of  their  physiological  similarity.  In 
other  words,  one  région  is  not  physiologically  dominant  as  in  longer 
pièces,  because  both  ends  react  similarly  by  virtue  of  their  previous 
position  in  the  whole,  and  consequently  produce  like  structures  simul- 
taneously.  The  varying  results  in  very  short  pièces  are  the  consé- 
quences of  the  varying  degrees  of  physiological  differentiation  of  the 
two  ends,  as  can  readily  be  shown.  But  further  discussion  of  this 
point  must  be  left  to  another  time. 

We  are  justified  in  concluding  from  thèse  and  other  data  which 
cannot  be  presented  hère,  that  the  distance  within  which  corrélations 
are  effective  is  a  factor  in  determining  the  spécifie  size  of  organisms. 
This  factor  must  vary  according  to  the  spécifie  constitution  of  the 
material  composing  the  System  and  also  according  to  the  energy  of 
the  processes  involved. 

Undoubtedly  in  nature  many  species  rarely  or  never  attain  the 
maximal  size-limit  of  the  System  because  of  inability  to  obtain  or 
assimilate  sufficient  nutrition.  Such  species  are  highly  Variable  in 
size  according  to  the  conditions  of  life.  On  the  other  hand,  certain 
species  possess  a  typical  size  with  only  relatively  slight  variations. 
Increased  nutrition  does  not  lead  to  increase  in  size  except  by  the 
formation  of  inert  substances,  e.  g.,  fat.  In  such  species  the  typical 
size  may  represent  the  maximal  size  possible  for  a  System  of  that  con- 
stitution, or  it  may  be  determined  by  the  loss  of  the  power  of  indefi- 
nite  growth  with  increasing  differentiation  of  the  tissues.  It  is  for 
the  future  to  détermine  how  far  each  of  thèse  factors  may  be  concerned 
in  particular  cases,  and  also  whether  other  factors  are  involved. 

There  are  certain  phenomena  which  occur  even  in  the  highly 
differentiated  Systems  which  we  call  the  higher  animais,  that  remind 
us  in  certain  respects  of  the  formation  of  new  Systems  in  the  lower 
forms  and  are  perhaps  to  be  regarded  as  the  resuit  of  escape  from 
corrélation  of  certain  cells  or  cell-groups.  Thèse  are  the  neoplasms, 
or  certain  of  them,  which,  since  they  lead  to  nothing  typical  of  the 
species  and  are  of  relatively  rare  occurrence,  are  regarded  as  patho- 
logical  and  abnormal  phenomena.  In  most,  if  not  ail  cases,  they 
appear  from  our  présent  knowledge  to  consist,  first,  in  excessive 
growth  of  certain  cells  or  cell-groups,  and  second,  in  the  formation 
in  many  cases  of  partial  or  atypical  Systems,  including  either  certain 
kinds  of  cells  or  tissues  characteristic  of  the  normal  organism  but 
often  in  atypical  relations,  or  else  forming  cell-masses  wholly  atypical 
in  character,  and  in  some  cases  undergoing  degeneration.  It  is  impos- 
sible at  this  time  to  discuss  in  détail  the  varions  points  of  resemblance 
between  thèse  structures  and  the  formation  of  new  Systems  asexually 
in  lower  organisms,  but  the  suggestion  that  they  are  essentially  simi- 


500     VII.    INTERNATIONAL   ZOOLOGICAL   CONGRESS 

lar  in  nature  is  presented  for  considération.  The  fact  that  they  are  so 
frequently  associated  with  traumatic  conditions,  which  involve  altér- 
ation of  certain  cells  and  relatively  rapid  regulatory  growth,  certainly 
accords  with  this  suggestion,  for  thèse  conditions  favor  the  escape  of 
cells  from  corrélation.  Moreover,  their  more  fréquent  occurrence 
with  increasing  âge,  i.  e.,  with  decreasing  activity  of  the  System,  is  a 
fact  which  points  in  the  same  direction.  The  very  incomplète  or 
atypical  character  of  the  neoplasma-system  is  probably  due,  on  the 
one  hand,  to  the  potences  of  the  cells  which  form  it,  and,  on  the  other, 
to  the  conditions  under  which  its  growth  and  differentiation  take 
place.  As  thèse  difïer  from  the  conditions  of  normal  development,  so 
will  the  resuit  differ  from  the  normal  form. 

It  is  probable  that  the  formation  of  certain  double  or  partially 
double  or  multiple  monsters  during  the  embryonic  period  is  the  resuit 
of  a  somewhat  similar  division  of  the  System.  Division  of  the  egg  or 
embryo  into  two  or  more  Systems  more  or  less  complète,  may  occur 
in  conséquence  of  decreased  corrélation  with  altered  conditions. 

Thèse  suggestions  afîord  us  a  point  of  view  rather  than  a  com- 
plète analysis  and  interprétation  of  the  phenomena  considered.  But 
the  first  step  in  the  solution  of  a  problem  is  the  récognition  of  its 
nature,  and  the  value  of  analysis  is  in  gênerai  proporticnal  to  the 
degree  to  which  its  results  are  available  for  synthesis  and  further 
analysis.  The  above  suggestions  are  the  synthetic  results  of  analyti- 
cal  considération  of  certain  regulatory  phenomena  and  are  presented 
in  the  hope  that  they  may  serve  as  a  basis  for  further  considération 
of  the  problems  involved. 


SOME    CONTROLLING   INFLUENCES    IN    THE 

DEVELOPMENT    OF    THE    AMPHIBL\N 

EAR    VESICLE 

(Abstract) 

G.  L.  STREETER 


Reconstruction  {Rann  catesbiana) ,  showing  a 
transplanted  ear  vesicle  between  the  normal 
ear  vesicle  and  the  eye.  The  ear  vesicle  was 
taken  from  another  individual  and  placed  in 
a  subdermal  pocket  close  against  the  other 
ear  vesicle,  with  which  it  did  not  fuse,  but 
developed  independently,  assuming  as  near 
as  possible  a  normal  posture.  The  defects  in 
the  two  vesicles  are  not  distributed  evenly 
over  the  labyrinth  wall,  but  are  localized  at 
the  place  where  they  press  against  each  other. 


An  exhibition  of  a  séries  of  lantern  slides  showing  that  the  posture 
of  the  labyrinth  and  the  planes  of  the  semicircular  canals  is  deter- 
mined  by  the  embryonic 
environment  of  the  ear 
vesicle.  The  évidence  is 
based  on  a  séries  of  experi- 
ments  carried-  ont  on  llana 
larvœ  before  they  had 
reached  the  motile  stage, 
which  consisted  in  uncov- 
ering  the  ear  vesicle  and 
placing  it  in  varions  ab- 
normal  positions.  At  that 
time  the  ear  vesicle  consists 
of  an  invaginated  cup  just 
in  the  process  of  being 
pinched  off  from  the  deeper 

layer  of  the  skin  and  it  may  easily  be  loosened  from  its  natural  bed 
and  placed  upside  down,  or  face  inward,  or  both.  In  some  cases  it 
v/as  transplanted  in  otlier  régions  and  on  the  opposite  side.  The 
spécimens  were  reared,  and  at  the  end  of  four  to  six  weeks  they  were 
preserved  and  prepared  in  sériai  sections.  Reconstructions  were 
then  made  of  the  labyrinth  and  adjoining  structures  after  the  Born 
method,  and  it  was  from  thèse  that  the  lantern  slides  were  prepared. 

As  a  resuit  of  the  experiments  it  was  found  that  it  made  no  différ- 
ence as  to  which  way  the  ear  vesicle  was  turned  ;  in  spite  of  the  inter- 
férence it  eventually  developed  in  the  normal  attitude,  the  saccule 
developing  always  on  the  ventral  surface,  the  semi-circular  canals  on 
the  dorsal  surface,  and  the  endolymphatic  appendage  toward  the 
brain. 

On  the  other  hand  it  is  shown  that  the  dextral  or  sinistral  char- 
acter  of  the  ear  vesicle  is  not  controlled  by  the  environment  but  is  an 
inhérent  factor  which  distinguishes  the  vesicle  very  early,  before  it  is 
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completely  closed  and  pinched  off  from  the  skin.  A  left-sided  ear 
vesicle  when  transplanted  to  the  right  side  retains  its  characteristics 
as  a  left-sided  organ;  the  anterior  canal  is  foimd  on  the  posterior 
border  of  the  labyrinth,  and  the  posterior  canal  is  found  on  the  ante- 
rior border,  and  the  lagena  which  is  normally  directed  caudalward  is 
found  extending  forward  toward  the  eye.  Aside  from  its  left-sided 
features  it  adapts  itself  to  its  new  position  in  a  normal  manner. 

A  complète  report  of  thèse  experiments  has  appeared  in  the  Sep- 
tember  number  of  the  Journal  of  Expérimental  Zoôlogy,  1907. 


UEBER  DIE  WIRKUNG  DES  HUNGERS  UND  DER 
KALKENTZIEHUNG  BEI  IvALKSCHWÀMMEN  UND 
ANDEREN    KALKAUSSCHEIDENDEN    ORGANISMEN  • 

OTTO  MAAS 

Meine  fruheren  Versuche  liber  die  Einwirkung  der  Kalkentzie- 
hung  auf  die  Entwickking  der  Kalkschwiimme  (1904  a,  b,  c),  habe 
ich  mit  verschieden  abgeJinderten  Losungen  fortgesetzt  und  auf  er- 
wachsene  Schwamme  auszudehnen  versucht  (1906).  Hierbei  ergab 
sich  ein  Umstand,  der  schon  bei  den  Versuchen  an  Larven  storend 
empfiinden  wurde,  der  sich  aber  bei  Erwachsenen  noch  mehr  bemerk- 
bar  macht,  nâmlich  dass  mit  der  Kalkentziehung  in  der  kunstlichen 
Losung  ziigleich  eine  Entziehung  der  Nahrung  verbunden  ist.  Gerade 
bei  diesen  spiiteren  Versuchen  zeigten  sich  Andeutungen  von  einer 
Nebenwirkung  des  Hungers.  Wiihrend  bei  Sycon-Larven  und 
jungen  Schwâmmchen  (ebenso  auch  bei  einfachen  Ascon-Rohren) 
sich  die  Kalkentziehung  fast  allein  geltend  macht,  und  zwar  durch 
Einwirkung  auf  das  Skelett,  und  der  ^Yeichkorpe^  erst  langsam  mit 
pathologischen  Veranderungen  nachfolgt,  treten  solche  Wirkimgen 
auf  das  Skelett,  insbesondere  das  eigentumliche  Einschmelzen  schon 
gebildeter  Nadeln,  bei  erwachsenen  Schwiimmen  ganz  zuriick.  Es 
zeigen  sich  dagegen  am  Weichkorper  Involutionserscheinungen,  wie 
sie  ahnlich  bei  Hunger  und  schlechten  Lebensbedingungen  auch  bei 

O  Oc) 

andern  Organismen  beobachtet  worden  sind,  so  von  Driesch  (1905) 
bei  Ascidien,  von  R.  Hertwig  (1906)  und  von  E.  Schultz  (1906)  bei 
Hydren.  Es  konnte  sogar  bei  langsamer,  aber  voUiger  Entziehung 
aller  Kalksalze  eine  Ai-t  kiinstlicher  Gemmulation  bei  Sycon  hervor- 
gerufen  werden,  indem  der  Weichkorper  sich  vom  Skelett  ganz 
zuriickzieht,  nach  Ausfullung  der  Hohlraume  sich  syncytial 
zusammenschliesst  und  dann  in  Striinge  auszieht,  die  nach  und  nach 
in  einzelne  runde  Korper  zerfallen.  Dièse  stellen  durchaus  keine 
abgestorbenen  Massen  dar,  sondern  zeigen  amoboide  Zellbewegungen 
und  sind,  wie  ich  damais  vermutete  und  seither  auch  feststellen  konnte, 
im  Stande,  wieder  ein  kleines  funktionierendes  Schwâmmchen 
aufzubauen. 

'  Mittlerweile  verôffentlicht  in  den  Sitzungsherichten  der  Geseîlsch.  fur  Morph. 
u.  Phys.,  Mûnchen,  1907. 
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Bei  dieser  Analogie  mit  Hungererscheinungen  erschien  es  geboten, 
die  Einwirkung  des  Hungers  von  der  der  Kalkentziehung  zu  trennen, 
und  da  es  einstweilen  niclit  moglich  ist,  die  Kalkentziehung  ohne  den 
Hunger  vorzunehmen,  darum  die  Hungerwirkung  allein  zu  probieren, 
und  in  Kontrollversuchen  beides  zusammen. 

Ich  beniitzte  dazu  Kalkschwamme,  die  sich  im  Winter  1906-1907 
in  den  Seewasser-Aquarien  des  Munchener  Zoologischen  Instituts 
anscheinend  im  besten  Wohlsein  befanden,  und  zwar  Sycon  raphanus 
und  Ascandra  liebcrkuhnii,  soweit  sich  letzteres  bei  den  gtgenwârtigen 
Verhaltnissen  im  System  der  Kalkschwamme  bestimmen  Hess. 

Ich  versuchte  zunâchst  liber  den  Grad  der  notwendigen  Fiitterung 
und  liber  das  Einsetzen  des  Hungers  ins  Klare  zu  kommen  und 
machte  dazu  bei  Ascandra  drei  Versuchsreihen.  Ich  probierte 
zuniichst  (a)  Ueberfutterung  zu  erzielen  durch  bestiindigen  Zusatz 
von  Détritus  aus  dem  Wasser,  in  dem  Seeigel  gehalten  wurden, 
(b)  eine  normale  Fiitterung,  indem  ich  die  Schwamme  in  eine  kleinere 
Zuchtschale  brachte  und  hie  und  da  das  Wasser  vom  grosseren 
Aquarium  her  erneuerte,  und  (c)  eine  richtige  Hungerkultur,  indem 
Scîiwammrohren  in  mehrfach  filtriertes  Seewasser  allmahlich  liber- 
geflihrt  wurden  und  dort  nur  mit  Lufterneuerung  verblieben.  Es 
zeigte  sich,  dass  sich  eine  Ueberfutterung  dabei  iiberhaupt  nicht 
erzielen  liess,  sondern,  dass  gerade  die  Exemplare  der  Kultur  a  auf- 
fallend  gut  gediehen,  sich  weiter  verzweigten  und  erst  nach  mehreren 
Monaten  aus  anderen  Griinden,  wahrscheinlich  durch  eine  sehr 
schnelle  Abklihlung  eingingen.  Schnitte,  die  kurz  vorher  arigefertigt 
wurden,  zeigen  noch  ein  voUig  normales  Bild  mit  weitem  Gastralraum 
und  schonen  Kragenzellen.  Die  Kultur  b  erwies  sich  als  Hunger- 
kultur. Es  trat  ein  Zerfall  oder  eine  Selbstverkleinerung  der  Rohren 
auf.  Manchmal  am  Ende,  manchmal  in  der  Mitte  einer  Rôhre 
schnlirten  sich  StUcke  ab  und  gingen  zu  Grunde,  wahrend  die  Reste 
laut  Untersuchuno;  am  I^ebenden  wie  an  Schnitten  noch  durchaus 
normal  waren.  Die  abgefallenen  Stucke  sind  nicht  gemmuloid, 
sondern  im  Absterben  begritfen.  Schliesslich,  nach  etwa  14  Tagen, 
zerfielen  auch  die  noch  intakten  Telle  nach  vorheriger  weiterer  Selbst- 
reduktion.  Es  beweist  dies,  dass  schon  eine  mangelhafte  Nahrungs- 
zufuhr  Hungerwirkung  auslost  trotz  der  noch  auf  den  Schwiimmchen 
haftenden  Fremdkorperreste  und  Detritus-Teilchen,  sodass  also  eine 
mehrfache  Filtration  des  Wassers  mehr  wie  geniigend  ist  zur  Erzielung 
von  Hungerwirkung.  Dies  zeigte  sich  auch  in  der  Kultur  c,  bei  der 
eine  schnelle  und  gleichmassige  Veriinderung  des  Weichkorpers  in 
allen  Rohrenteilen  eintrat,  ohne  dass  vorher  noch  einzelne  Telle 
abgestossen  wurden  konnten.  Der  Turgor  liisst  nach,  die  Rohre 
wird  ganz  schlafî,  sodass  sie  sich  beim  Konservieren  krlimmt.  Dies 
riihrt  aber  nicht  etwa  von  einer  Veriinderung  oder  gar  Auflosung  der 
Nadeln  her;  denn  dièse  bleiben  durchaus  unverjindert.  Der  "Weich- 
korper  wird  aussen  unregelmiissig  lappig  und  innen  syncytial  ausge- 
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flillt.  Die  sonst  so  spiirliche  Grundsubstanz  wird  ganz  massig,  wie 
eine  Gallerte,  entwickelt. 

Auf  Grund  der  Erfahrung,  dass  einfache  Nahrungsentziehung 
geniigt  fiir  Hunger-Symptome,  zuchtete  ich  eine  Reihe  von  Sycon- 
Exemplaren  liingere  Zeit  unter  solchen  Bedingungen  und  beobach- 
tete  die  Veranderungen  diirch  mehrere  INIonate.  An  mehreren  Ex- 
emplaren  trat,  was  ich  auch  sonst  schon  im  Aquarium  beobachtet 
hatte,  zunachst  ein  Abfallen  des  Osculums  ein,  dann  ein  Abstossen 
von  proximalen  oder  distalen  Stuckchen  des  Weichkorpers,  und  dann 
biklete  sich  an  den  so  reducierten  Exemplaren  wieder  ein  neues 
Oscukim  von  besonderer  Lange.  Dieser  Prozess  konnte  auch  mehr- 
mais  vor  sich  gehen.  Besonders  auffallig  waren  die  Vorgange  an  zwei 
sehr  grossen  Exemplaren.  Das  eine  derselben,  A,  war  auffallend 
lang,  nah  dem  Grunde  schleifenformig  gebogen  und  dann  wieder 
nach  aufwârts  gerichtet.  Dies  Exemplar  zerfiel  nach  10  Tagen  an 
der  Biegungsstelle,  indem  sich  das  Gewebe  in  einzehie  gemmuloide 
Korper  aufloste.  Auch  das  basale  ReststiAck  degenerierte  bakk  Der 
verbhebende  Teil  a  biklete  nun  an  seinem  offenen  Bruchende  ein 
zweites  Osculum  zu  dem  erneuerten  ersten  und  zwischen  beiden 
entstand  etwa  in  der  ]\Iitte  der  Rohre  ein  \Yurzelschopf.  Dieser 
Zustand  dauerte  einige  Zeit  an.  In  beiden  Teilen  der  Rohre  konnte 
man  das  Funktionieren  durch  den  Wasserstrom  feststellen.  Dann 
ging  aber  nach  und  nach  der  Teil  mit  dem  neu  gebildeten  Osculum 
ein  und  es  verblieb  nur  noch  der  Rest,  a,  vom  ursprunglichen 
Oscuhim  an  bis  zum  neuen  Wurzelschopf.  So  hat  sich  also  der  ur- 
sprungliche  grosse  Sycon  A  in  einen  kleineren  a,  und  in  einen  noch 
kleineren  a  unter  stetiger  Selbstreduktion  verwandelt.  Letzterer 
hielt  sich,  wieder  in  das  grossere  Aquarium  ubergefuhrt,  noch  liingere 
Zeit  ohne  weitere  Veriinderung. 

Ein  anderes  grosseres  Exemplar  B  liess  zunachst  unter  den 
neuen  Bedingungen  sein  Oscularteil  abfallen  und  bildete  am  Wurzel- 
teil  eine  starke  Knickung  aus.  An  dieser  Knickungsstelle  entstand 
dann,  nachdem  vorher  an  beiden  Enden  Teile  des  Weichkorpers 
abgefallen  waren,  ein  neues  Osculum  und  ebenso  ein  solches  an 
Stelle  des  alten.  Es  w^aren  somit  aus  der  einzigen  Rohre  zwei  Per- 
sonen  geworden,  die  aber  noch  zusammenhingen.  Es  kam  dann 
noch  ein  neuer  Wurzelschopf  fur  das  eine  hinzu  und  die  beiden  ur- 
sprlinglich  im  Verlauf  einer  einheitlichen  Rohre  sitzenden  Personen 
verschoben  sich  nach  und  nach  derartig,  dass  zwei  in  einem  schiefen 
Winkel  stehende,  ganz  getrennt  verlaufende  Syconrohren  jede  mit 
Osculum  und  W^urzelschopf  sich  x-formig  kreuzend,  vorhanden 
waren.  Die  kleine  Verbindungsstelle  an  der  Ueberkreuzung  wurde 
nun  auch  durchbrochen  und  so  waren  schliesslich  zwei  kleine  Sycone 
vorhanden,  zusammen  noch  nicht  halb  so  gross  wie  der  frlihere  ein- 
heitliche.  Der  eine  derselben  ging  nach  einiger  Zeit  zu  Grunde,  der 
andere  hat  sich  im  ganzen  sieben  Monate  gehalten. 
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Bei  andern  Schwammen  waren  solche  Oscularbildungen  iind 
Abzweigiingen  weniger  auffallig.  Sycon  gehort  aber  zu  denjenigen 
Spongien,  wo  die  Individualitiit  im  ganzen  Bail  sehr  ausgepriigt  ist, 
und  deswegen  ist  dièse  Reduktion  zu  mehreren  kleinen  Personen 
bemerkenswert,  auch  als  Analogie  zu  andern  Hungererscheinungen. 
Ueber  einige  histologische  Besonderheiten  sowie  iiber  die  in  den 
Hungerexemplaren  gefundenen  Genitalzellen  werde  ich  noch  in 
anderem  Zusammenhang  berichten.  Von  der  Kalkentziehung  ist  die 
Wirkung  hier  insofern  ganz  verschieden,  als  nicht  eine  Gemmulation 
oder  ein  Zerfall  des  Ganzen  stattfindet  sondern  eine  Reduktion,  und 
der  Rest  intakt  bleibt  und  normal  funktioniert,  sowohl  bei  Sycon  wie 
bei  der  benutzten  Ascandra. 

Dièse  Verschiedenheit  zeigt  sich  auch  deutlich,  wenn  Hunger  und 
Kalkentziehung  in  besonderen  Kulturen  getrennt  von  einander 
angestellt  werden,  wie  ich  es  mit  dem  lange  Zeit  reichenden  Ascandra- 
Material  ausfuhren  konnte.  Im  Hunger  bleiben  bei  allmahlicher 
Ueberflihrung  die  Rohren  zunachst  durchaus  intakt  ;  nur  die  Oscula 
wurden  geschlossen.  Nach  zwei  Tagen  war  ein  Teil  des  Rohren- 
Systems  im  Eingehen  ;  es  zeigte  sich  eine  scharfe  Grenze  zwischen  dem 
lebenden  und  dem  absestorbenen  Teil.  Die  Nadeln  waren  aber  iiberall 
durchaus  intakt  mit  scharfen  Umrissen  ohne  innere  Kornelung.  Bei 
den  in  karbonatfreiem  Seewasser  gehaltenen  Exemplaren  dagegen 
funktionierten  Osculum  und  Geisselzellen  am  ersten  Tag  noch  normal, 
am  zweiten  Tag  waren  die  Oscula  geschlossen,  die  Rohre  schlaff  und 
die  Nadeln  zeigten  sich,  wenn  auch  noch  aile  vorhanden,  so  doch 
bereits  angenagt  und  im  Inneren  gekornelt.  (Ich  bemerke  ausdrlick- 
lich,  dass  dies  schon  im  Leben  vor  Einwirkung  von  Reagentien  ge- 
sehen  wurde.)  Nachmittags  war  die  Abschmelzung  weiter  gediehen 
und  am  nachsten  Tag  waren  fast  keine  Nadeln  mehr  vorhanden, 
wiihrend  der  Weichkorper  in  seiner  ganzen  Ausdehnung  noch  er- 
lialten  war  und  nur  die  frliher  (1906)  beschriebenen  Erscheinungen 
der  Ausfiillung  des  Hohlraumes  zeigte.  Trotzdem  also  Hunger  in 
beiden  Kulturen  wirksam  ist,  ist  das  Résultat  doch  sehr  verschieden. 

Wenn  man  die  Schwammchen  aus  dem  karbonatfreien  Seewasser 
nachtraglich  in  normales  iiberfuhrte,  so  hielt  sich  der  Weichkorper 
noch  liingerer  Zeit,  bildete  aber  keine  neuen  Nadeln  mehr.  Brachte 
man  die  oben  erwahnten  aus  der  Hungerkultur  nachtraglich  in  kar- 
bonatfreies  Seewasser,  so  wn.irden  im  funktionierenden  Teil  die 
Nadeln  eingeschmolzen,  im  abgestorbenen  blieben  sie  erhalten.  Es 
zeigt  sicli  also  auch  hier,  wie  schon  frliher  erortert,  dass  das  Ab- 
schmelzen  der  Nadeln  kein  anorganischer  Prozess  ist,  der  auf  Rech- 
nung  des  umgebenden  Wassers  zu  setzen  wiire,  sondern,  dass  es 
durch  den  Schwammorganismus  selbst  stattfindet.  Auch  solche 
Schwammchen  habe  ich  dann  noch  nachtraglich  in  normales  See- 
wasser iibergefuhrt,  aber  eine  Wiederbildung  der  Nadeln  nicht  mehr 
erzielen  konnen.     Die  ganze  Experimentreihe  habe  ich  in  gleicher 
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Weiss  mehrfach  wiederholt  nnd  stets  dasselbe  Résultat  erhalten.  In 
karhonatjreieiii  Seewasser  Ahsckmelzen  der  Nadclii  und  weiiigstens 
zunâchst  unversehrten  ■Weichkôrper;  in  der  Hungerkidtur  intakte 
Nadeln  nnd  eingehenden  Weichkôrper.  Wenn  nacli  und  nach  auch 
bei  toten  Schwiimnichen  die  Nadeln  verschwinden,  so  ist  dies  wohl 
auf  Rechnung  der  dabei  vor  sich  gehenden  Fiiulnisprozesse  zu  setzen. 

Dièses  eigentumliche  Ergebnis,  die  iVbschmelzung  bereits  ge- 
bildeter  Skelettsubstanz,  ist  auch  bei  anderen  kalkbildenden  Organ- 
ismen  wahrzunehmen,  namentlich,  wenn  es  sich  um  jugendliche  und 
noch  wachsende  Exemplare  handelt,  die  der  kalkentziehung  unter- 
worfen  werden.  So  habe  ich  es  bei  jungen  jMuscheln  beobachtet, 
deren  Schale  zuerst  briichig  und  dann  ganz  membranes  wurde,  und 
ebenso  bei  einem  kleinen  Rohrenwurm  (Spirorbis),  der  seine  Hiille 
fast  einbiisste,  im  iibrigen  aber  keine  Zeichen  von  Degeneration  auf- 
wies.  Vor  allem  aber  ist  es  bei  Foraminiferen  festzustellen,  wo 
auch  die  Hungerwirkung  ganzlich  ausgeschaltet  werden  kann.  Ex- 
emplare, die  in  karbonatfreiem  Wasser  gehalten  wurden,  waren  noch 
in  vollem  Fressen  und  Verdauen  der  bereits  friiher  aufgenommenen 
Nahrungskorper  begriffen,  und  doch  wurde  auch  an  ihnen  die  Schale 
nach  und  nach  briichig  und  schliesslich  auf  ein  Minimum  von  Kalk- 
substanz  reduciert,  ohne  dass  der  Weichkôrper  zunâchst  Not  gelitten 
hatte.  Das  Einzige,  was  beobachtet  wurde,  war,  dass  sich  je  zwei 
Exemplare  mit  Uberraschender  Regelmiissigkeit  aneinander  legten. 
Dièse  Plasmogamie  trat  so  sicher  ein,  dass  man  in  der  Karbonatent- 
ziehung  bei  diesen  Formen  (BilocuHna,  Quinqueloculina)  geradezu 
ein  Mittel  hat,  um  eine  Vereinigung  anzubahnen.  Der  Vorgang  der 
Kalkeinschmelzung  ist  hier  von  besonderem  Interesse,  weil  es  sich 
ja  um  Protozoen  handelt,  also  innerhalb  ein  und  desselben  Zellkorpers 
sowohl  der  x\ufbau  wie  der  Abbau  der  Kalksubstanz  mit  den  notigen 
Stofîumsetzungen  vor  sich  gehen  muss.  Es  sind  librigens  auch  im 
Spongienkorper  histologisch  die  gleichen  Elemente,  die  die  Aus- 
scheidung  und  die  Einschmelzung  der  Nadeln  besorgen,  ebenso  wie 
ira  Wirbeltierkorper  Osteoblasten  und  Osteoklasten. 

Es  fiihrt  uns  das  auf  die  Frage  der  Kalkausscheidung  und  Spicula- 
Bildung  uberhaupt  und  zwar  auf  deren  physiologische  Seite.  Ich 
bemerke  auch  neueren  Auslassungen  von  Woodland  (1907)  gegen- 
liber,  die  mir  zu  summarisch  Kalk-,  Kiesel-  und  organische  Bildungen 
zusammenzuwerfen  scheinen  und  die  (absichtlich  oder  unabsicht- 
lich)  friihere  Tatsachen  und  Theorien  ausser  Acht  lassen,  dass  man 
bei  der  Frage  der  Spicula-Bildung  eine  morphologische  und  eine 
physiologische  Fragestellung  auseinanderhalten  muss.  Bei  der  mor- 
phologischen  ist  (1)  die  Form  des  einzelnen  Spicidums  zu  erklaren  und 
(2)  die  Anordnung  der  Spicula  zu  ganzen  Skeletten.  Flir  letzteres, 
fiir  die  "  zweckmassige  "  Aneinanderreihung  der  einzelnen  Schwamm- 
nadeln  zu  besonderen  Gittersystemen  haben  wir  gerade  bei  Schwiim- 
men  ein  Beispiel,  wo  wir  uns  nicht  mit  dem  Schlagwort  "Vererbung  " 
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zu  behelfen  brauchen,  sondern  wo  dièse  Anordnung  infolge  kontrol- 
lierbarer  ausserer  Umstande  (durch  das  Auswachsen  der  Rohre, 
Bildung  von  Oscula,  die  Richtung  des  Wasserstromes)  in  der  Ent- 
wicklung  nach  iind  nach  zu  Stande  kommt.  Wir  sehen  die  "func- 
tionelle  Anpassung  "  durch  die  Thatigkeit  direkt  bedingt.  Es  ist  dies 
fur  Asconen  und  andern  von  Minchin  (1900),  fur  Syconen  von  mir 
(1900),  nachgewiesen.  Fur  die  Form  des  einzelnen  Spicuknns  haben 
wir  aber  trotz  vieler  interessanter  ^"ersuche  noch  keine  ErkUirung,  die 
die  Funktion  damit  in  ursiichliche  Beziehung  setzt.  Wir  sehen  viel- 
mehr  die  charakteristischen  Formen  vor  deni  Gebrauch,  sogar  schon 
in  den  frei  schwârmenden  Larven  auftreten  und  wir  sehen  solche 
Formen  wie  ich  gegeniiber  WoodUxnd  bemerken  mochte,  auch  auf- 
treten unabhangig  vom  IMaterial,  indem  auch  bei  Kalkentziehung 
organische  "Schatten  "  von  Ein-  und  Dreistrahlern  gebiklet  werden. 

Die  viel  erorterte  morphologische  Frage  soll  heute  nicht  weiter 
behandelt  werden,  sondern  nur  einiges  zur  physiologischen  bemerkt 
werden.  Die  Versuche  geben  bis  jetzt  keinen  Hinweis  dafiir,  in 
welcher  chemischen  Verbindung  die  Karbonatabscheidung  zuerst 
stattfindet,  ob  es  sich  auch  hier  wie  bei  den  Versuchen  von  Bieder- 
mann  (1902)  um  kompHcierte  Verbindungen  von  Eiweiss,  kohlen- 
saurem  Kalk  und  andern  Kalksalzen  handelt.  Der  schwefelsaure 
Kalk  scheint  keine  Rolle  dabei  zu  spielen;  denn  fiir  die  Skelettab- 
scheidung  haben  die  Exemplare,  denen  nur  das  Karbonat,  nicht  auch 
noch  der  Gips  entzogen  w^ar,  nichts  voraus.  Die  Rolle  des  Magne- 
siums  ist  noch  zu  prlifen.  Phosphorsaurer  Kalk  scheint  fiir  die 
Schwamme  nicht  in  Betracht  zu  kommen. 

Nach  Analogie  mit  hoheren  Tieren  ware  der  physiologisch- 
chemische  Vorgang  etwa  folgendermassen  zu  denken:  Innere  Pro- 
zesse,  die  zu  Kalkhunger  fiihren,  miissen  in  den  entsprechenden 
Zellen  vor  sich  gehen.  Dieser  Kalk  wird  dann  von  aussen  aufge- 
nommen.  Wenn  die  Prozesse  weiter  gehen,  so  wird  Karbonat  als 
solches  bei  der  Uebersattigung  abgeschieden,  wahrscheinlich  auch 
hier  aus  einer  komplizierteren  Verbindung  mit  Eiweissen.  Der 
Prozess  beginnt  dann  von  neuem,  wie  sich  auch  darin  zeigt,  dass 
die  kalkabscheidenden  Zellen  nach  ihrer  Tiitigkeit  nicht  eingehen, 
sondern  die  Nadel  verlassen  und  ins  Gewebe  zuriickwandern.  Ist 
nun  in  der  Umgebung  kein  Kalk  vorhanden,  so  entsteht  ein  Kon- 
zentrationsgefalle  von  den  Nadeln  resp.  Gehausen  nach  aussen,  und 
es  wird  bei  Anwesenheit  von  Kohlensaure  vom  normalen  Atmungs- 
prozess  hier  von  diesem  vorhandenen  Kalk  gezehrt,  naturlich  nicht 
in  einem  rein  physikalisch-chemischen  Prozess,  sondern  durch  das 
Bindeglied  der  erwiihnten  Zellen,  in  denen  derartige  Fiihigkeiten 
festgelegt  sind. 

Vom  Gesamtstoffwechsel  des  Korpers,  von  der  Nahrungsauf- 
nahme  sind  dièse  Prozesse  des  Kalkurasatzes  hier  bei  Schwammen 
getrennt.    Es  zeigt  sich  dies  darin,  dass  die  Kalkabscheidung  lange 
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vor  Ausbilduiio;  eines  (Tastralraumes,  Heich  beim  Fcstsetzen,  und 
sogar  sclion  in  (1er  freiscliwininienden  Larve,  geschehen  kaiiii,  ebenso 
darin,  dass  Ilunger  allein  iiicht  dieselbe  Wirkuiig  liât  wie  die  Kalk- 
entziehung,  sondern  das  Skelett  intakt  lasst.  Die  gastrnleii  Zellen 
werden  von  der  Hnngerwirkung  elier  betroffen,  wie  die  Skelettbildner, 
wjihrend  letztere  eher  auf  \'eran(lerungen  ini  Salzgelialt  antworten. 

l)a  gegenwiirtig  manche  Ergebnisse  der  experiinentelleii  Biologie 
in  neovitalistiseliem  Sinne  ansgedentet  werden,  indeni  nian  viclfaeh 
einen  ubcrr/rordiuicn  Einfluss  des  Gauzen  gegenliber  der  arbeilcndeii 
Tiitigkeit  der  einzelnen  Zellen  erkennen  will,  scheint  es  niir  von  Wert, 
darauf  hinzuweisen,  dass  hier  in  der  Kalkabschnielznng  ein  <^lirekt  nni- 
gekehrter  Fall  vorlieo;t.  Die  ^riitigkeit  der  einzelnen  Zellen  iiber- 
wiegt  derart,  dass  ohne  Riieksieht  auf  das  (îanze,  auF  die  riehtige 
Anordnung  und  Funktion  gearl)eitet  wird,  ja  es  wird  sogar  das  sehon 
bestehende  und  funktionierende  (îanze  verkiirzt  und  gesehiidigt  diireh 
dièse  Spicula-Zellen,  die  sich  an  nichts  anderes  kehren,  als  an  die  in 
ihnen  selljst  steckenden  Tendenzen. 


THE  ORGANIZATION  AND  EARLY  DEVELOPMENT  OF 
THE  EGGS  OF  HYDROMEDUSAE 

C.  W.   HARGITT 

It  is  the  purpose  of  tliis  communication  to  call  attention  to  certain 
of  my  more  récent  observations  and  conclusions  on  the  subject  of  em- 
brjogeny  as  related  to  coelenterates,  chiefly  Hydromedusae. 

Concerning  the  older  problem  of  the  origin  of  the  germ-cells  no 
attempt  will  be  made  to  review  a  history  at  once  interesting  and  sug- 
gestive, though  less  important  in  results  than  was  anticipated.  The 
daring  prédiction  that  the  ectoderm  was  fundamentally  the  maie  germ 
layer  and  the  entoderm  similarly  that  of  the  female  was  doomed  to 
the  usual  fate  of  hasty  generalization.  A  similar  fate  likewise  awaited 
the  Idndred  attempt  to  find  a  differential  distinction  between  Hydro- 
and  Scyphomedusae  in  an  assumption  that  in  the  former  the  séx-cells 
originated  in  the  ectoderm,  while  in  the  latter  they  had  their  origin  in 
the  entoderm. 

It  is  passing  strange  that  in  the  face  of  the  large  and  increasingly 
convincing  body  of  facts  to  the  contrary  there  should  be  récent  réitéra- 
tion of  certain  of  thèse  earlier  views,  such  as  one  finds,  for  example,  in 
Weismann's  "Evolution  Theory."  I  beheve  it  is  not  an  exaggeration 
to  say  that  récent  investigations  hâve  wholly  discredited  the  earlier 
belief  in  the  theoretic  significance  of  the  supposed  physiological  inde- 
pendence  of  the  so-called  primary  germ-layers,  and  the  doctrines  of 
homology  and  phylogeny  based  upon  the  germ-layer  theory. 

The  work  of  the  présent  writer  in  connection  with  the  embryology 
of  Hydromedusae  began  more  than  a  dozen  years  ago,  but  with  earlier 
results  so  out  of  harmony  with  then  current  views  as  to  cleavage,  for- 
mation of  germ-layers,  etc.,  that  it  was  only  after  much  delay  and 
répétition  that  he  could  bring  himself  to  the  point  of  giving  to  them 
publicitv.  And  even  yet  they  are  no  doubt  badly  tinctured  with 
heresy,  if  one  may  interpret  the  ominous  silence  and  évasion  exhibited 
by  biological  orthodoxy  as  having  its  usual  significance  in  such 
matters  ! 

There  will  be  possil)le  at  this  time  only  the  briefest  summary  of 
results,  and  thèse  will  be  included  under  the  following  heads:  (1) 
The  origin,  (2)  the  organization,  (3)  early  development. 

Concerning  the  fîrst  there  need  be  no  question  as  to  the  layer 
wherein  the  germ-cells  originate.    This  is  wholly  a  question  of  fact, 
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and  concerning  this  it  is  only  necessary  to  appeal  to  the  literature, 
whicli  is  large  and  adecjuate.  In  some  cases,  such  as  Ilydra,  both 
gerni-cells  inidoubtedly  originate  in  the  ectoderm  and  thcre  only. 
In  Scyphomedusae  they  probably  arise  wholly  in  the  entoderm.  But 
between  thèse  extrêmes  there  are  undoubtcdly  ail  degrees  of  variation, 
in  some  Hydrozoa  egg-cells  arising  in  the  entoderm,  in  others  in  the 
ectoderm. 

Concerning  another  phase  of  the  problem  thcre  are  less  grounds  for 
dogmatism,  —  namely,  whcther  there  is  direct  continuity  of  germ-cells 
from  génération  to  génération,  and,  further,  to  what  extent  the  egg- 
cells  multiply  by  direct  prolifération  in  the  gonophore  or  germ-layer 
of  the  polvp.  Owing  to  the  prevalence  of  alternation  of  générations 
the  problem  is  rendered  more  complex  and  difficiilt.  For  example,  in 
many  Hydrozoa  gonads  are  entirely  lacking  during  the  entire  asexual 
génération.  On  the  other  hand,  this  condition  may  serve  to  aid  in 
determining  the  exact  place  and  time  where  and  when  the  germ-cells 
arise  and  become  differentiated.  For  example,  the  dominance  of  the 
asexual  over  the  sexual  mode  of  reproduction  in  many  Hydromedusae 
during  many  générations  enables  one  to  détermine  with  a  high  degree 
of  certainty  the  absence  of  définitive  germ-cells  in  such  générations. 
Again,  the  essentially  similar  mode  of  origin  and  development  of  the 
médusa,  and  the  generally  défini  te  place  and  mode  of  differentiation  of 
germ-cells  in  this  free  gonophore  enable  one  to  demonstrate  with  ap- 
proximate  certainty  their  somatic  origin,  in  some  cases  in  the  ectoderm 
of  the  médusa  bud,  in  others  in  the  entoderm  of  the  polyp  body.  I 
hâve  personally  studied  with  care  the  planulae  of  several  species  of  both 
Hydro-  and  Scyphomedusae,  and  hâve  never  been  able  to  discover 
the  slightest  évidence  of  the  présence  of  germ-cells  during  this  larval 
period.  I  am  constrained  to  say  that  so  far  as  coelenterates  are  con- 
cerned  there  is  little  évidence  of  direct  germinal  continuity.  Concern- 
ing the  other  point,  which  has  only  passing  interest,  it  may  be  said  that 
in  some  gênera  and  species  the  egg-cells  hâve  a  wholly  independent 
and  individual  history  from  the  moment  of  their  differentiation  till 
they  give  rise  to  a  new  polyp.  In  others,  especially  medusae,  the 
oogonia  proliferate  freely,  giving  rise  to  immense  numbers  of  oocytes, 
as  in  many  higher  classes. 

Organizatioii. — A  new  impulse  and  interest  hâve  arisen  concern- 
ing the  old  question  as  to  the  real  nature  of  the  egg,  growing  out  of  the 
facts  recently  brought  to  light  as  to  the  existence  in  the  egg  of  so-called 
"  organ-f orming  stuffs,"  and  the  more  or  less  logical  inference  of  their 
prelocalization.  In  several  species  of  Hydromedusae  I  hâve  attempted 
to  investigate  this  problem  and  hâve  therefore  studied  both  the  grov/th 
and  development  of  the  egg  with  this  point  definitely  in  view.  ]\Iy 
attention  was  first  focussed  on  this  in  connection  with  the  anorna- 
lous  and  extremely  erratic  cleavage  of  the  eggs  of  Pennaria,  which 
seemed  difficult,  if  not  impossible,  to  reconcile  with  any  conceivable 


512       VII.  INTERNATIONAL  ZOÔLOGICAL  CONGRESS 

prelocalization  hypothesis.  Since  then  several  other  hydroid  eggs 
hâve  been  similarly  studied,  chiefly  those  of  Clava,  Eudendriiim, 
Hydractinia,  and  those  of  a  local  actinian,  Sogartia  leucolena.  In  only 
one  of  thèse,  namely,  Clava,  was  there  the  slightest  physical  évidence  in 
the  color  of  the  egg-substance  of  anything  comparable  with  the  very 
definite  and  striking  features  pointed  ont  by  Conklin  and  other  inves- 
tigators,  and  this  was  found  to  be  absolutely  devoid  of  significance  in 
relation  to  the  problem.  Détails  pertaining  to  this  case  may  be  found 
in  my  récent  paper  on  the  Organization  and  Development  of  the  Egg 
of  Clava  {Biol.  Bull,  10,  p.  214). 

During  the  présent  summer  I  hâve  studied  the  eggs  of  Hydrac- 
tinia, which  are  liberated  before  development,  while  those  of  Clava 
develop  within  closed  gonophores,  but  hâve  not  been  able  to  detect  any- 
thing which  even  remotely  suggests  the  présence  of  definite  organ- 
forming  stufTs,  or  prelocalization. 

The  same  must  also  be  said  concerning  the  eggs  of  Sagartia,  though 
in  this  case  the  development  lias  not  been  sufficiently  extensive  to 
warrant  any  announcement  of  definite  conclusions.  It  should  be  said 
that  the  eggs  in  ail  thèse  cases  hâve  been  studied  both  in  life  and  after 
fixation,  the  latter  by  a  range  of  reagents  and  methods  which  leaves 
little  doubt  as  to  their  entire  reliability  as  concerns  micro-technique. 

Maturation. — The  phenomena  of  maturation  in  the  eggs  of  Hy- 
dromedusae  are  apparently  more  or  less  ephemeral  and  obscure.  Some 
of  the  more  superficial  features,  such  as  polar  bodies,  hâve  been  de- 
scribed  by  varions  authors.  For  example,  Harm  in  his  account  of 
the  development  of  Clava  squamata  has  given  several  détails  on  this 
point.  I  hâve  since  studied  thèse  features  in  C.  Icptostyla,  but  hâve 
not  been  able  to  confirm  the  account  given  by  Harm,  except  in  a  few 
minor  points.  In  eggs  of  this  type,  confined  within  closely  infolding 
gonophore  walls,  the  surface  aspects  of  maturation  must  be  more  or 
less  obscured  and  diffîcult  of  certain  démonstration. 

But  there  is  another  class  of  facts  of  more  importance  and  signifi- 
cance than  thèse.  This  is  to  be  found  in  the  peculiar  behavior  of  the 
nucleus  about  the  time  when  presumably  maturation  takes  place. 
I  hâve  referred  in  several  of  my  récent  papers  to  the  apparent  dis- 
organization  or  fragmentation  of  the  nucleus  and  the  dispersai  of  the 
nuclear  matter  throughout  the  cytoplasm.  This  is  most  conspicu- 
ously  the  case  with  the  nucleolus,  where  this  body  as  a  whole  migrâtes 
out  of  the  nucleus,  becomes  vacuolated,  and  gradually  breaks  down 
and  its  substance  is  undoubtedly  resorbed  by  the  cytoplasm.  This 
feature  I  hâve  been  able  to  demonstrate  in  so  many  cases  as  to  make 
it  seem  highly  probable  as  a  common  phenomenon  of  maturation. 

Associated  with  this  and  apparently  sharing  in  the  gênerai  phenom- 
ena of  maturation  in  thèse  eggs  is  also  a  similar  disorganization  of  the 
chromatin  in  a  very  significant  fashion  and  its  apparent  dissipation 
through  the  cytoplasm.     For  a  long  time  thèse  features  greatly  per- 
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plexed  and  disturbed  me,  and  forced  an  inquiry  as  to  whether  they 
might  not  be  pathological.  But  the  fact  that  thèse  eggs  continually 
gave  rise  to  normal  embryos  sufficed  to  dispel  any  sucli  appréhension. 
Furthermore,  the  constancy  with  which  they  recurred  in  other  cases 
has  deepened  the  impression  that  they  are  perfectly  normal  features 
of  this  stage  of  developraent. 

As  one  studies  the  literature  of  hydrozoan  embryology,  from  the 
elassic  work  of  Kleinenberg  on  Hydra,  and  that  of  Metschnikofî  on 
Medusae,  on  to  the  présent  time,  the  conviction  grows  that  many  of 
the  détails  familiar  in  the  development  of  higher  forms  are  so  ominously 
conspicuous  in  their  absence  as  to  call  for  some  sort  of  explanation. 
That  it  has  not  hitherto  been  forthcoming  is  probably  due,  in  part,  to 
the  more  or  less  unique  character  of  the  facts  concerned,  and  the  diffi- 
culty  of  readily  correlating  them  with  existing  views.  For  whether  con- 
sciously  so  or  not  it  is  probably  true  that  biologists  share  with  the 
average  student  in  conforming  to  prévalent  orthodox  doctrine.  Hence 
the  facts  of  nuclear  fragmentation  hâve  been  overlooked  or  studiously 
disreffarded.  There  is  no  time  for  further  détails  in  this  connection, 
but  I  believe  we  are  hère  face  to  face  with  normal  facts  and  not  arti- 
fads,  that  they  occur  and  are  part  of  normal  development  and  in  no 
sensé  pathologie,  and  furthermore  that  they  must  be  reckoned  with  in 
any  attempt  to  formulate  laws  of  cleavage  or  organogeny. 

Cleavage.  —  Concerning  this  feature  of  development  there  is  little 
to  add  to  my  earlier  results.  Détails  are  easily  accessible  as  to  Pen- 
naria,  Eudendrium,  Clava,  and  others.  Similar  studies  are  under  way 
upon  Hydractinia  and  by  certain  of  my  students  upon  Hybocodon, 
Corymorpha,  Tubularia,  and  others.  In  no  single  one  of  thèse  has  it 
been  possible  to  correlate  the  phenomena  with  any  hitherto  delineated 
laws  of  cleavage,  or  so-called  laws  of  germ-layer  differentiation. 

That  this  may  be  the  more  clearly  apprehended  a  few  figures  are 
submitted  herewith,  illustrating  certain  superficial  aspects  in  the 
cleavage  of  Pennaria,  and  also  caméra  drawings  of  actual  sections  of 
thèse  eggs  showing  that  the  surface  features  are  correlated  with  the 
corresponding  internai  conditions. 

Figures  1-6  are  caméra  sketches  of  living  egg  at  intervais  of  ten 
minutes;  and  Figures  7-13  are  similar  sketches  of  another  egg  made 
in  the  same  manner.  Figures  14  and  15  are  sketches  of  an  extremely 
erra  tic  form  of  cleavage,  which  is  not  unusual,  though  less  common 
than  the  others. 

It  will  require  no  particular  emphasis  to  suggest  that  a  cleavage  of 
this  sort,  and  there  are  other  cases  among  Hydromedusae  qui  te  as 
striking,  is  apparently  utterly  incompatible  with  any  of  the  current 
views  on  germinal  prelocalization,  etc.  If  thèse  are  normal  phenom- 
ena, and  their  continuons  study  during  many  years  under  the  most 
widely  varied  conditions  and  précautions  and  their  observation  by 
numerous  of  my  colleagues  to  whom  they  hâve  been  shown  leaves  this 
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utterly  beyond  question,  then  they  can  no  longer  be  ignored  nor  their 
theoretic  significance  disregarded.  As  stated  in  a  previous  section,  thev 
are  facts  and  not  artifacts;  they  are  intégral  and  normal  features  of 
development  and  by  no  means  pathologie;  they  are  types  of  develop- 
ment  not  rare  among  this  group  of  animais,  similar  features  having 
been  observed  in  several  species  and  gênera,  and  by  others  than  my- 
self,  among  whom  are  Hickson,  Hill,  Âletchnikoff,  and  Koch. 


ASPECTS   OF   REGENERATION    IN    CORYMORPHA 

IIAIIIIY   BEAL  TOllUEY 

The  essential  structural  characters  of  C'orymorpha  for  the  présent 
experiments  consist  in:  the  stout  stem  with  a  central  axis  of  enor- 
mous  vacuolated  cells  poor  in  protoplasm  and  a  number  of  narrow 
longitudinal  canals  just  helow  the  ectoderm  ;  a  large  hydranth  with 
two  sets  of  tentacles  above  ;  and  a  zone  of  rootlike  processes  or  frustules 
near  the  tapering  proxinial  end. 

In  régénération,  as  in  its  embryonic  development  (Torrey,  Un. 
Cal.  Pubi,  Zool.,  III.  12,  pp.  2Ô3-20S),  Corvniorplia  is  extremely 
plastic.  The  amount  of  plasticity  exhibited  dépends  npon  the  differ- 
entiation  of  the  regenerating  pièce,  particularly  upon  its  degree  of 
organization  into  a  whole,  or  the  degree  to  which  the  original  interrela- 
tions of  its  parts  hâve  In^en  disturbed  by  expérimental  conditions. 

I.  Effect  of  old  parts  upon  régénération.  The  présence  of  the 
original  hydranth  on  a  pièce  of  stem  not  only  inhibits  the  development 
of  a  proximal  hydranth  (otherwise  readily  obtained)  but  also  the  de- 
velopment of  frustules,  which  are  normal  proximal  structures.  The 
pièce  behaves  like  a  part.  In  the  same  région,  a  pièce  without  the 
hydranth  may  produce  either  proximal  hydranth  or  frustules.  The 
smaller  the  pièce,  the  more  rapidly  frustules  appear;  the  more  does  it 
behave  like  a  whole. 

The  présence  of  the  holdfast  favors,  if  anything,  distal  régénéra- 
tion. 

II.  Effect  of  the  position  of  the  wound,  on  the  development 
of  pre-existing  frustules.  When  a  stem  is  eut  through  the  frustular 
zone,  there  follows  (1)  an  accélération  in  the  growth  of  the  frustules 
of  the  distal  pièce  next  the  wound  {cf.  behavior  of  plant  buds  under 
similar  circumstances)  ;  (2)  a  retrogressive  metamorphosis  of  the 
frustules  near  the  wound  on  the  proximal  pièce,  and  the  transforma- 
tion of  this  région  into  a  hydranth. 

The  results  are  referable  to  internai  readjustments  due  to  the 
removal  of  tissue  rather  than  any  change  in  the  chemical  environ- 
ment. 

III.  Rétrograde  metamorphosis.  In  the  régénération  of  very 
small  pièces,  the  axial  endoderm  may  disappear,  and  the  peripheral 
canals,  passing  backward  over  the  gênerai  course  of  their  develop- 
ment, unité  to  form  a  single  cavity  corresponding  with  the  cœlenteron 
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of  tlie  larva.  The  dimensions  and  proportions  of  normal  young  may 
be  assumed,  even  the  proportions  and  structure  of  embryos  of  twice 
the  normal  diameter,  in  the  smallest  pièces.  Such  simphfied  forms 
may  regenerate  as  normal  individuals. 

IV.  Régénération  at  oblique  wounds.  Hydranths  arise  by 
transformation  of  the  stem,  either  with  tentacles  parallel  with  the 
wound  or,  when  the  latter  has  reached  a  certain  degree  of  obliquity, 
with  tentacles  perpendicular  to  the  wound.  In  the  latter  case,  the 
terminal  wedge  becomes  the  prolioscis. 

When  very  short  pièces  of  stems  of  large  diameter  are  produced 
either  by  transverse  or  ol^lique  section,  so  that  a  large  surface  of 
axial  tissue  is  exposed  relatively  to  the  amount  of  active  peripheral 
tissue,  several  centers  of  régénération  may  be  mechanically  created, 
and  monsters  with  several  hydranths,  probosces,  and  holdfasts  arise. 
The  change  in  the  position  of  the  regenerating  tentacles  with  the 
obliquity  of  the  wound  is  referable  to  the  increase  of  axial  tissue  rela- 
tive to  the  amount  of  peripheral  tissue  in  the  région  of  régénération. 

V.  Heteromorphosis  and  fission.  Heteromorphic  pièces  may 
divide  spontaneously,  frustules  appearing  before  division  on  either 
side  of  the  constriction  defining  the  fission  plane.  The  latter  is  pro- 
portionally  nearer  the  smaller  (proximal)  hydranth.  It  séparâtes  two 
complète  individuals  or  sets  of  interacting  parts. 

Experiments  show  that  when  the  tentacles  of  the  heteromorphic 
hydranths  are  still  litde  more  than  knobs,  section  near  the  middle  of 
the  stem  may  produce  two  complète  polyps.  The  reversai  of  the 
original  polarity  in  the  proximal  end  of  the  heteromorphic  pièce  has 
obtained  a  certain  permanency  by  this  time  as  well  as  a  considérable 
extent,  and  is  not  disturbed  by  the  section.  The  removal  of  either 
hydranth  by  a  eut  close  to  it  leads  to  the  appearance  of  another.  The 
remaining  hydranth  in  such  an  opération  may  be  old  enough  to  bear 
the  buds  of  medusiferous  peduncles,  but  its  présence  neither  inhibits 
régénération  at  the  wound  nor  does  it  détermine  the  character  of 
the  regenerating  structure.  Thèse  results  may  be  interpreted  as  due 
to  internai  adjustments  that  are  largely  independent  of  external 
conditions. 


HYBRID    ECHINODERM    LARV.E 

D.   H.  TENNENT 

In  expcriments  which  I  hâve  carried  on  diiring  tliis  summer 
(1907)  I  hâve  made  crosses  betw^een  several  echinoids;  namely,  in 
the  fertihzation  of 

1.  The  egg  of  the  spatangoid  Moira  airopos  with  the  sperm  of 
the  sand  dollar  Mellita  testudinata. 

2.  Moh-a  9    X  sperm  of  sea  urchin  Toxopneustes. 

3.  Moira  9    X  sperm  of  sea  urchin  Arbacia  punciulata. 

4.  Toxopneustes  9   X  Moira  J' . 

5.  Toxopneustes  9    X  Mellita  S- 

6.  Arbacia  9    X  IMoira  ^. 

7.  Arbacia  9   X  Mellita  ^. 

8.  Mellita  9  X  Moira  S- 
Eight  crosses  in  ail. 

The  method  employed  was  the  exceedingly  simple  one  of  allow- 
ing  the  eggs,  after  tlieir  extrusion  from  the  ovary,  to  stand  for  several 
hours  in  sea-water,  the  water  being  frequentlv  changed,  and  then 
fertilizing  with  normally  very  active  sperm. 

This  method  of  treatment  proved  most  successful  in  the  fertilisa- 
tion of  the  eggs  of  Toxopneustes  and  of  Arbacia  with  the  sperm  of 
Moira.  In  the  one  case  (Toxopneustes)  the  eggs  were  allowed  to 
stand  in  sea-water  for  five  hours,  in  the  other  (Arbacia)  for  seven 
hoiu's,  before  the  addition  of  the  sperm.  (Xo  attempts  at  fertihza- 
tion of  the  eggs  immediately  after  their  removal  from  the  ovary  were 
successful.) 

Fully  95  per  cent  of  the  eggs  of  Toxopneustes  and  of  Arbacia, 
treated  as  I  hâve  described,  underwent  a  regular  and  comparatively 
uniform  cleavage,  the  greater  number  developing  into  swimming 
blastulœ  and  gastrulse.  Approximately  75  per  cent  of  thèse  em- 
bryos  never  developed  beyond  this  stage,  about  one-fourth  develop- 
ing to  plutei,  which  took  food  and  remained  alive  for  a  week  or 
more. 

The  percentage  of  plutei  obtained  in  thèse  cases  was  about  the 
same  as  that  obtained  in  the  crosses  in  which  fewer  eggs  underwent 
segmentation. 

I  shall  take  as  a  basis  of  comparison  between  the  normal  and  the 
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hybrid  larvse  two  points,  the  form  of  the  body  and  the  character  o\ 
the  skeleton. 

A  considération  of  the  ]\Ioira  crosses  is  perhaps  of  the  greatest 
interest,  since  the  pluteus  of  this  form  is  at  once  distinguished  from 
that  of  any  other  form  under  considération  by  its  possession  of  a 
posterior  unpaired  arm  which  makes  its  appearance  about  the 
twentieth  hour. 

The  hybrid  character  of  thèse  larvée  is  at  once  évident. 

The  skeleton  gives  an  even  better  basis  of  comparison  than  does 
the  body  form.  ^ly  diagrams  show  a  portion  of  the  body  skeleton 
as  well  as  that  of  a  part  of  the  posterior  dorsal  arms. 

The  skeleton  of  the  arm  in  the  pluteus  of  ]Moira,  Mellita,  and 
Arbacia  is  normally  in  the  form  of  a  ladder  the  rungs  of  which 
are  crossed  by  a  longitudinal  bar.  This,  in  the  hybrids,  has  been 
replacefl  by  considerably  modified  structures.  The  single  bar,  char- 
acteristic  of  the  Toxopneustes  arm,  has  been  replaced  by  a  three- 
pronged  structure. 

The  resuit  of  my  experiments,  then,  is  a  confirmation  of  the 
results  of  Driesch  as  to  the  marked  hybrid  character  of  the  skeleton, 
although  I  must  also  agrée  with  Boveri  as  to  the  early  appearance  of 
hybrid  characters. 

The  influence  of  the  sperm  in  the  crosses  that  I  hâve  made  is 
much  more  évident  than  that  noted  by  Godlewski  in  his  crosses 
between  a  sea-urchin  and  a  crinoid. 

Diagrams  showing  the  characters  of  hybrids  from  the  following 
crosses  were  shown: 


T\r  •  AT  ^v^-       Mellita  <?. 

Mou-a  —  Mellita     ,^  . 

Moira  9. 

,,  .  „  ]\Ioira  (?. 

Moira  —  1  oxopneustes     rr^  ^      ^ 

'■  I  oxopneustes  9  . 

Mellita  —  Toxopneustes     ^  \      r^ 

'■  1  oxopneustes  9 . 

T\/r  •  Al      •       Moira  i. 

Moira  —  Arbacia      4  i      •     o 
Arbacia  9 . 


THE    INFLUENCE    OF  YOLK  ON   THE   DEVELOPMENT 
OF    GASTEROPODS 

(Abstract) 
EDWIN  G.   CONKLIN 

L  The  eggs  of  Fulgitr  carica  are  among  the  largest  of  gasteropod 
eggs,  their  relatively  great  size  being  due  almost  exclusively  to  the 
great  quantity  of  yolk  which  they  contain.  Thèse  eggs  are  13  times 
the  diameter  and  about  2000  times  the  vokime  of  those  of  Crepidula 
plana,  with  which  particularly  they  are  compared. 

2.  The  cleavage  of  the  egg  of  Fulgar  is,  cell  for  cell,  hke  that  of 
Crepidida  up  to  the  56-60  cell  stage,  the  only  différence  being  in 
the  relative  sizes  of  the  macromeres  in  thèse  tvvo  gênera.  Some  of 
the  individual  features  in  which  the  cleavage  of  Fulgur  resembles 
that  of  Crepidula  are  the  foUowing: 

a.  The  direction,  rhythm  and  quality  of  each  cleavage  is  the 
same. 

b.  The  first  and  second  cleavages  are  equal;  the  first  is  trans- 
verse to  the  médian  plane  of  the  embryo,  the  second  coïncides  with 
that  plane  ;  a  small  yolk  lobe  is  formed  during  each  of  thèse  cleavages. 

c.  The  ectoderm  is  segregated  into  three  quartets  of  raicromeres. 

d.  The  first  formed  member  of  the  fourth  quartet,  4  d,  is  the 
mesentoraere;  its  anterior  portion  gives  rise  to  the  mesodermal 
bands  and  its  posterior  portion  to  the  intestine. 

e.  The  remaining  members  of  the  fourth  quartet,  viz.,  4  A,  4B, 
4  C,  are  entomeres,  and  give  rise  to  ail  portions  of  the  alimentary 
canal  and  its  outgrowths,  save  the  intestine  and  storaodseum. 

/.  The  first  quartet  of  ectoraeres  forms  a  "cross"  with  its  center 
at  the  apical  pôle  and  with  anterior,  posterior,  right  and  left  arms. 
Between  the  arms  are  the  "turret"  cells,  and  between  thèse  and  the 
apical  pôle  are  the  "rosette"  cells;  ail  of  thèse  cells  are  derived  from 
the  first  quartet,  except  the  "terminal"  cells  of  the  arms,  which  are 
derived  from  the  second  quartet.  The  cross  is  formed  of  exactly 
the  same  cells  in  Fulgur  as  in  Crepidula,  but  it  is  neither  so  distinct 
in  form  nor  so  persistent. 

g.  The  second  and  third  quartets  surround  the  first  and  are  com- 
posed  of  cells  which  divide  in  the  same  order  and  direction  as  in 
Crepidula. 
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3.  In  later  cleavages  many  more  ectoderm  cells  are  formed  in 
Fulgur  than  in  Crepidula,  at  corresponding  stages  of  difïerentiation. 

4.  The  overgrowth  of  the  yolk  is  higlily  peculiar  in  Fulgur.  By 
very  great  extension  of  the  anterior  half  of  the  l)lastoderm  while  the 
posterior  half  remains  relatively  fixed,  ail  the  organ  bases  are  carried 
to  the  posterior  margin  of  the  blastoderm,  where  they  form  a  kind  of 
germ  ring.  Subsequently  the  posterior  margin  also  moves  over  the 
yolk,  so  that  the  blastopore  is  finally  formed  at  the  végétal  pôle. 

5.  Before  the  extension  of  the  anterior  portion  of  the  blasto- 
derm an  apical  invagination  of  ectoderm  cells  is  formed  in  the  région 
of  the  anterior  arm  of  the  cross.  This  invagination  subsequently 
flattens  out  and  completely  disappears.  Its  function  seems  to  be 
connected  with  the  rapid  extension  of  this  part  of  the  blastoderm. 

6.  The  cérébral  ganglia  arise  on  each  side  of  the  apical  invagina- 
tion, probably  from  the  anterior  "rosette"  cells.  The  velar  cells 
arise  around  the  outer  margins  of  the  ganglia,  probably  from  the 
anterior  "turret"  cells.  By  the  rapid  growth  of  the  anterior  portion 
of  the  blastoderm  thèse  organ  l)ases  are  forced  far  apart  and  poste- 
riorly  until  they  corne  to  lie  in  the  posterior  margin  of  the  blastoderm, 
and  by  a  continuation  of  this  movement  they  are  carried  around  to 
the  ventral  side  of  the  embryo,  where  the  two  halves  of  thèse  organs 
approach  each  other  and  finally  unité  in  front  of  the  mouth. 

7.  The  paired  buccal  ganglia  arise  latéral  to  the  cérébral,  and 
probably  from  deriVatives  of  2  a  and  2  c  ;  they  extend  over  the  yolk 
in  the  same  manner  as  the  cerebrals,  and  finally  concresce  on  the 
ventral  sitle  of  the  embryo  posterior  to  the  mouth. 

8.  Ail  other  organs  (shell  gland,  pedal,  pleural,  pariétal  and 
abdominal  ganglia,  foot,  intestine,  kiclney,  gill,  heart,  etc.)  arise 
from  the  médian  posterior  portion  of  the  blastoderm,  and  chiefly, 
if  not  entirely,  from  the  two  "  somatoblasts,"  2  d  and  4  d.  The  bases  of 
ail  thèse  organs,  except  the  last  three,  appear  when  the  blastoderm  is 
still  a  small  plate,  and  in  the  case  of  paired  organs  they  are  from  the 
first  connected  across  the  médian  plane  and  do  not,  therefore,  undergo 
concrescence.  The  origin  of  thèse  post-oral  organs  from  the  two 
somatoblasts  is  strikingly  like  the  condition  found  in  annelids  and 
lammelibranchs,  and  the  elongation  of  the  body  of  the  gasteropod 
through  the  shell  gland  is  similar  to  the  elongation  of  the  body  of 
the  annelid  at  the  posterior  end. 

9.  AU  homologous  organs  arise  from  corresponding  cleavage 
cells  in  Fulgur,  Crepidula,  and  probal)ly  ail  other  gasteropods. 
Great  increase  in  yolk  does  not  modify  the  type  of  germinal  localiza- 
tion,  though  it  does  profoundly  modify  gastrulation  and  later  stages 
of  development. 

10.  This  indicates  that  germinal  localization  in  the  egg  and 
cleavage  stages  is  more  fundamental  and  primitive  than  the  later 
processes  of  ontogeny. 
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Cytological. 

11.  During  qiiartet  formation  the  nuclei  of  the  macromeres 
divide  at  relatively  short  intervals  and  they  remain  relatively  small, 
the  ratio  of  maximum  nuclear  diameter  to  cell  diamcter  ("Kern- 
plasma-relation"  K/f)  being  1 :  24.  In  later  stages  the  resting  period 
of  the  nucleus  is  very  long  and  the  ratio  rises  to  1 :  12.  The  size  of 
the  nucleus  is  therefore  dépendent,  not  only  upon  the  size  of  the 
cell,  but  also  upon  the  length  of  the  resting  period.  There  is  in  this 
species  no  fixed  ratio  of  nuclear  size  to  cell  size,  and  the  cause  of 
cell  division  cannot  be  found  in  the  maintenance  of  a  constant  ratio. 

12.  After  the  formation  of  the  fourth  quartet,  the  macromeres 
do  not  again  divide,  although  the  nuclei  do.  In  the  first  and  second 
cleavages  the  macromeres  divide  equally;  this  apparent  anomaly 
is  probably  due  to  the  fact  that  cytoplasm  is  distribu  ted  through  the 
yolk  in  the  early  stages  but  is  lacking  in  the  later  ones-  This  sup- 
pressed  cleavage  of  tlie  yolk  in  the  later  stages  is  an  approach  to 
the  condition  found  in  meroblastic  eggs. 


NOTE  ON  THE  DEVELOPMENT  OF  THE  SPERMA- 
TOZOA  OF  A  DECAPOD  MACRUROUS  CRUSTACEAN, 
ATYEPHIRA    COMPRESSA,    DE    HAAN 

C.  ISHIIvAWA 

SoME  time  ago,  while  stuclyiiig  the  peculiar  mode  of  the  segmenta- 
tion of  the  eggs  of  our  common  marsh-prawn,  Atijephira  compressa, 
I  came  across  some  microscopical  préparations  of  the  sperm-cells 
which  then  proved  to  be  of  spécial  interest  in  the  Une  of  cytological 
research.  But  lack  of  time  obhged  me  to  leave  my  observations 
unpublished,  with  the  exception  of  giving  a  brief  notice  in  my  Text- 
book  of  Zoblogy,  pubHshed  in  1904.  And  ahhough  my  observations 
are  as  yet  far  from  being  complète,  I  venture  now  to  lay  them  before 
the  public  nearly  in  the  same  form  as  I  then  wrote  them,  with  some 
slight  altérations. 

As  is  well  known,  the  sperm-cells  of  a  decapod-crnstacean  are 
characterized  by  possessing  a  numl)er  of  thread-  or  spine-like  pro- 
cesses from  the  surface  of  a  cylindrical  or  conical  body.  The  above- 
named  prawn  forms  no  exception  to  this  ride.  The  body  of  the  ripe 
spermatozoon  is  spherical,  with  a  long  stiff  spine  standing  ont  from 
the  médian  portion  of  its  flattened  base  which  we  call  the  posterior  side 
of  the  body;  the  base  of  the  spine  being  somewhat  swollen  (Fig.  1). 
Besides  this  spine,  the  body  is  encircled  by  three  rows  of  shorter  but 
much  stouter  spines  or  hooks.  The  most  anterior  of  thèse  rows  con- 
sists  of  four  hooks,  each  of  which  has  its  curved  end  directed  out- 
ward  and  backward.  The  second  has  eight  or  nine  hooks,  which  are 
directed  outwards  and  upwards,  while  the  most  posterior  consists  also 
of  eight  or  nine,  directed  backwards,  outwards,  and  a  little  upwards. 
The  length  of  thèse  hooks  tlitters  much  in  différent  spermatozoa, 
even  from  the  same  vas  deferens,  in  some  cases  being  double  as  long 
as  in  others. 

The  fresh  spermatozoon  is  nearly  transparent,  nothing  like  a 
nucleus  being  observable  with  in  the  rather  thick  wall.  By  the  usual 
method  of  treatment,  however,  the  nucleus  and  other  structures  be- 
come  distinctly  visible.  If  we  take  out  the  vas  deferens  of  a  normal- 
sized  prawn  and  press  out  the  slimy  content  of  it  on  the  surface  of  a 
glass  slide,  as  thin  as  possible,  and  treat  it  with  any  such  reagents 
as  acetic  sul)limate,  platin-chloride-osmic  acid,  salt-sublimate,  Flem- 
ming's  solution,  etc.,  for  a  few  minutes,  and  then  washing  it  with 
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water  and  hardening  it  in  usnal  ways,  stain  it  with  either  Hansen's 
or  with  Heidenhain's  liœmatoxylin,  with  or  without  the  preceding 
or  succeeding  staining  with  piro-fuchsin,  we  get  a  very  beautiful  prép- 
aration. In  such  a  préparation  we  see  a  large  nucleus  situated 
somewhat  nearer  the  lower  side  of  the  body,  with  its  shape  nearly 
corresponding  with  that  of  the  cell-body,  but  with  a  shght  indenta- 
tion  on  its  mid-ventral  side  just  at  the  base  of  the  long  spine.  The 
content  of  the  nucleus  stains  very  badly,  no  particular  structures 
being  distinguishable  in  it  even  by  a  very  strong  coloration.  The 
same  is  the  case  with  the  cell-body,  which  almOst  always  remains  iin- 
colored.  Curions  enough,  however,  the  spine  and  the  hooks  color 
somewhat  deeper  than  the  nucleus,  standing  out  very  conspicuously 
in  such  a  préparation  as  this.  But  the  most  interesting  thing  hère  is 
perhaps  the  indentation  on  the  side  of  the  nucleus  above  mentioned, 
in  which  is  placed  a  small  roundish  body  stai)ii)ig  very  dccply  tvith 
hœmatoxyliii ,  and  sending  out  a  thrcad  or  fibre-like  tprocess  passinq 
through  the  axis  of  the  spine  and  terminating  at  the  extrême  point  of 
the  same.  At  a  little  distance  from  this  rounded  body,  at  the  point 
where  the  basai,  swoUen  part  of  the  spine  passes  to  its  narrower  por- 
tion, is  seen  a  second  body  wJiich  also  is  very  deeply  staincd,  and  as- 
sumes a  ring-shape,  through  the  centre  of  which  the  axial  fibre  passes. 

This  fact  alone  leads  us  to  anticipate  that  the  long  spine  of  this 
spermatozoon  corresponds  to  the  tail  of  the  ordinarily  fiagcUate  one,  the 
tivo  deeply  staining  bodies  corresponding  to  the  proximal  and  the  distcd 
ceidrosomes,  while  the  central  fibre  corresponds  to  the  axial  fibre.  The 
development  of  the  sperm-cells  proves  beyond  doubt  that  our  antici- 
pation was  a  right  one. 

Préparations  of  the  testicular  contents,  either  in  toto  or  in  sections, 
show  that  slightly  after  the  last  division  of  the  spermatocyte  there  is 
a  small  mass  of  difïerentiated  cytoplasm,  the  sphère,  with  two  cen- 
trosomes  of  unequal  sizes,  close  to  one  side  of  the  nucleus  (Fig.  2). 
Within  the  nucleus  is  seen,  at  this  stage,  a  number  of  chromosomes 
staining  more  or  less  deeply,  and  one  or  more  nucleoli.  In  the  next 
stage  (Fig.  3)  the  archoplasm  is  larger,  and  assumes  an  elongated 
oval  form,  while  the  two  centrosomes  are  more  or  less  separated. 
From  this  stage  onward,  the  archoplasm  is  rather  difïicult  to  see, 
although  in  many  préparations  it  appears  as  an  indefinite  mass  of 
cytoplasm  somewhere  in  proximity  of  the  centrosomes.  In  Fig.  4 
the  chromosomes  are  more  or  less  distinct  and  the  nucleolus  is  not  to 
be  seen.  On  one  side  of  the  nucleus,  at  some  distance  from  its  wall, 
are  placed  two  centrosomes,  also  of  unequal  size.  Thèse  are  situated 
nearly  at  the  same  distance  from  the  surface  of  the  nucleus,  the  larger 
one  somewhat  interior  to  the  smaller.  Close  to  thèse  bodies  is  seen 
an  irregular,  ill-defined  mass  of  cytoplasm  which  is  more  deeply 
stained  than  the  rest  of  it  and  represents,  undoubtedly,  the  archoplasm, 
the  sphère  or  the  idiozome  of  Meves.    Beside  thèse  are  seen  a  number 
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of  chromatoid  masses  scattered  within  the  cell-body,  cne  sucli  being 
seen  on  the  right-hand  side  of  tlie  figure  as  a  ratlier  large  crescent- 
shaped  body.  The  cells  of  the  Figures  2  and  3  were  treated  with 
Flemming's  sohition,  while  that  of  Fig.  4  with  acetic-subhmate, 
and  to  this  is  due  the  larger  size  of  the  latter  cell  in  coiiiparison  to 
those  of  the  two  former. 

A  further  stage  of  development  is  given  in  Fig.  5.  Hère  the  chro- 
mosomes are  ah-eady  broken  up  into  a  number  of  chromatin-masses, 
and  scattered  ail  over  within  the  nuclear  space.  Some  nucleoli  are 
also  to  be  seen.  The  idiozome  hère  lies  external  to  the  centrosomes, 
which  now  show  very  important  changes.  The  larger  centrosome 
now  becomes  flattened  and  assumes  a  disk  shape,  while  the  smaller 
one  sends  out  a  short'cilia-like  process  from  its  outer  side,  and  directed 
towards  the  surface  of  the  cell,  where  it  ends.  It  rarely  occurs,  how- 
ever,  that  the  smaller  centrosome  is  placed  close  to  the  cell-wall,  pro- 
jecting  the  ciliarv  process  from  its  surface  (Figs.  6  and  7).  In  both 
thèse  cells  the  idiozome  lies  outside  the  centrosomes  as  an  irregularly 
stained  mass.  In  Fig.  7  the  larger  centrosome  has  still  a  spherical 
shape,  while  in  Fig.  6  it  has  a  disk-like  shape,  as  in  Fig.  5.  In  both 
thèse  cells  the  larger  centrosome  lies  nearer  the  nucleus  than  the  smaller 
one,  with  only  the  différence  in  their  relative  positions.  The  projec- 
tion of  ciliary  protess  out  of  the  surface  of  the  cell  from  the  smaller 
centrosome  is,  as  said  before,  a  very  rare  occurrence,  one  or  two 
being  met  with  among  hundreds  of  cells  in  similar  stages  of  develop- 
ment; the  cilia  being  situated  in  most  cases  within  the  cell-body,  as 
in  Fig.  5.  Thèse,  therefore,  form  an  exceptional  case.  It  deserves, 
however,  to  be  mentioned,  as  they  remind  us  of  the  similar  stages 
occurring  in  the  sperm-cells  of  elasmobranchs,  discovered  and  de- 
scribed  by  Moore. 

The  above  description  of  the  ripening  of  the  spermatozoa  of 
Atyephira,  incomplète  as  it  must  be  confessed,  throws  some  light 
as  to  the  homologies  of  the  spermatozoa  of  the  decapod-crustaceans 
with  those  of  the  ordinary  fîagellated  forms.  The  only  work  on  the 
spermatozoa  of  thèse  animais  which  treats  of  the  finer  cytological 
structures  and  the  development  is,  as  far  as  known  to  me,  that  of 
Koltzofï  (Studien  iiber  die  Gestalt  der  Zelle,  I.  Untersuchungen  iiber 
die  Spermien  der  Decapoden  als  Einleitung  in  das  Problem  der 
Zellengestalt.  Arch.  mikr.  Anat.,  Bd.  67),  in  which  the  author  proves 
for  the  fîrst  time  the  occurrence  of  the  centrosomes  in  thèse  cells  as 
well  as  the  homologies  of  thèse  cells  with  the  ordinary  fîagellate 
spermatozoa.  In  the  young  spermatid  of  Galathca  squamifera,  among 
other  forms  studied,  the  author  describes  two  centrosomes  and  two 
différent  kinds  of  granulations,  —  the  mitochondral  and  the  capsular. 
Thèse  granulations,  which  at  the  beginning  are  found  scattered  within 
the  cell-body,  become  gradually  collected  together  into  two  principal 
masses,  and  corne  to  lie  in  definite  position  to  each  other;  ?'.  e.  the 
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mitochondral  granulations  accumulate  between  the  capsular  and  the 
nucleus  to  form  the  neck  of  the  adult  spermatozoon,  the  capsular 
forniing  the  tail,  while  the  nucleus  becomes  the  head.  The  two  cen- 
trosomes  which  in  a  young  spermatid  lie  at  the  periphery  of  the  cell 
conie  to  lie,  during  the  above  changes,  in  the  mitochondral  mass  close 
to  the  capsular,  and  placed  one  after  the  other  in  the  long  axis  of  the 
cell.  Of  thèse  two  centrosomes  the  hinder  one  now  divides  into  proxi- 
mal  and  distal  portions,  the  former  becoming  disk-shaped,  while  the 
latter  elongates  to  form  the  rod-like  organ.  The  disk  and  the  rod 
then  become  hollowed  out,  so  that  a  tube  and  a  ring  are  formed.  The 
proximal  centrosome  remains  in  the  médian  portion  of  the  neck  ;  the 
ring-shaped  portion  of  the  distal  centrosome  lies  at  the  point  where 
the  tail-bladder  begins,  while  the  tube-like  portion  of  the  same  com- 
mences just  in  front  of  the  ring  and  passes  through  the  axial  portion 
of  the  tail-capsule,  to  enrl  at  a  little  way  from  its  extremity. 

The  morphology  of  the  adult  spermatozoon  of  Galathea  is  thus 
very  like  that  of  Atyephira;  the  tail-bladder  corresponds  to  the  long 
spine,  the  neck  to  the  swollen  base  of  the  same,  while  the  tube,  the 
ring  and  the  proximal  centrosome  to  the  axial  fibre,  the  ring  and  the 
smaller  centrosome.  The  only  différence  between  the  two  concerns 
the  origin  of  thèse  bodies.  Thus  while  in  Atyephira  the  ring  arises 
from  ihe  transformation  of  the  proximal  centrosome,  it  originates 
in  Galathea  from  the  anterior  portion  of  the  distal.  ^Nloreover,  while 
in  Atyephira  the  distal  centrosome  with  the  ciliary  process  passes 
through  the  ring-shaped  proximal  centrosome  during  the  course  of 
the  development,  and  cornes  ultimately  to  be  placed  close  to  the 
nuclear  wall^  and  change  their  relative  positions,  the  centrosomes  of 
Galathea  remain  throughout  in  their  first  positions. 

I^aying  aside  thèse  minor  points  of  différences  between  the  sper- 
matozoa  of  Galathea  and  Atyephira,  we  can  safely  assume  that  there 
exists  no  fundamental  morphological  différences  between  thèse  forms 
of  spermatozoa  and  those  of  the  ordinary  flagellated  ones,  like  those 
we  find  in  Selachia  and  xiraphibia,  and  that  the  two  forms  are  only 
the  modifications  of  one  and  the  same  type.  But  the  highly  inter- 
esting  phenomenon  during  the  metamorphosis  of  the  spermatozoa 
of  Atyephira  is,  as  said  before,  the  growth  of  the  ciliary  process  out 
of  the  distal  centrosome,  and,  though  of  very  rare  occurrence,  especially 
the  free  outgrowth  of  the  same  from  the  surface  of  the  cell,  as  is  usually 
to  be  seen  in  the  transformation  of  the  flagellated  spermatozoon. 
Finally,  the  accumulation  of  the  rest  of  the  sphère,  the  idiozome, 
within  the  swollen  base  of  the  spine,  which  corresponds  to  the  neck 
of  the  flagellated  spermatozoon,  may  be  said  to  be  of  some  interest, 
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EXPLANATION     OF     THE     FiGURES 

FiG.  1.  —  Side  view  of  a  ripe  spermatozoôn,  colored  with  Hansen's  hsematoxylin 
and  picro-carmin.     Two  centrosomes  and  axial  fibre  strongly  colored. 

FiG.  2.  —  Young  spermatid-cell  not  long  after  second  division  of  spermatocyte. 
An  archoplasm  with  two  centrosomes  seen  witliin  it.  Treated  with  Flom- 
ming's  solution  and  colored  with  picro-fuchsin  and  Hansen's  hœmatoxylin. 

FiG.  3.  —  Similar  stage  as  Fig.  2.  Archoplasm  is  larger  and  elongated;  two 
centrosomes  more  separated  from  each  other.    Similarly  treated  as  Fig.  2. 

FiG.  4.  —  Slightly  more  advanced  stage  than  Fig.  3;  centrosomes  became  un- 
equal  in  their  sizes,  and  hâve  left  the  archoplasm.  This  latter  is  seen  at  one 
side  of  centrosomes  as  an  indistinct  mass.    Acetic-sublimate  préparation. 

FiG.  5.  —  Similar  stage  as  Fig.  4,  but  centrosomes  hâve  made  great  changes; 
the  larger  becoming  disk-shaped,  while  fi'om  the  smailer  a  ciliary  process 
was  formed.     Flemming's  solution  with  Heidenhain's  haîmatoxylin. 

FiGS.  6  and  7.  —  Similar  to  F'ig.  5,  but  with  ciliary  process  projecting  out  of 
surface  of  cell,  as  in  cells  of  similar  stages  of  Selachia  or  Salamander.  Flem- 
ming's solution  with  Hansen's  haematoxylin  and  picro-fuchsin. 

Fig.  8.  —  Section  of  cell  in  a  little  more  advanced  stage  ;  smailer  centrosome 
Ues  in  the  indentation  formed  on  the  surface  of  nucleus,  and  surrounded  by 
mass  of  idiozome;   cilia  and  larger  centrosome  not  seen. 

Fig.  9.  —  Smailer  centrosome  vnth  cilia  just  about  to  pass  through  ring-shaped 
larger  centrosome  ;  idiozome  lies  at  one  side  of  them.  Small  bulging  out  of 
the  cell-body  at  point  where  centrosomes  are  placed  shows  beginning  of  long 
spine  or  tail.  Platin-chloride-osmic  acid  préparation  with  Heidenhain's 
hsematoxylin. 

FiGS.  10  and  il.  —  Similar  stage  more  advanced;  centrosomes  hâve  nearly 
changed  their  relative  positions,  smailer  lying  close  to  nuclear  wall,  and 
\\ith  its  cilia  passing  through  ring-shaped  larger  one;  both  placed  in  the 
médian  portion  of  the  spine. 

Fig.  12.  —  Spermatid-cell  with  gênerai  shape  of  ripe  spermatozoôn,  hooks  only 
wanting. 

FiGS.  13  and  14.  —  Second  divisions  of  spermatocyte,  showing  single  and  double 
centrosomes. 


NOTE     ON     THE     GASTRULATION     OF     THE     GIANT 
SALAIVIANDER,   MEGALOBATRACHUS    SIEBOEDII 

C.  ISHIKAWA 

The  shape  of  the  egg  at  the  end  of  the  blastiila-stage  is  almost 
spherical,  with  a  somewhat  flattened  base.  Its  color  is  whitish  on 
its  upper,  animal  pôle  and  passes  gradually  to  the  lower  side,  where 
it  is  yellowish.  The  wall  of  the  blastula  consists  of  two  la  vers  of 
cubical  cells  on  its  uppermost  part,  becoming  three,  four,  or  five 
layers  thick  as  it  passes  to  the  lower  yolk-cells,  which  is  nine  or  ten 
cell  layered.  Its  relatively  large  blastocoel  is  well  to  be  seen,  if  we 
hold  the  glass,  in  which  the  eggs  are,  against  the  window  and  let  the 
light  pass  through.  In  such  a  view  it  will  be  seen,  if  carefully  ex- 
amined,  that  the  blastula  is  not  radialiy  symmetrical  as  it  superficially 
appears,  but  it  shows  a  very  beautiful  bilatéral  symmetry,  i.  e.,  the 
blastoderm  is  found  to  be  much  thicker  on  one  side  than  on  the  other, 
lying  opposite  to  it.  This  can  be  seen  much  better  in  sections,  where 
it  will  be  clearly  recognized,  that  at  one  side  w^here  the  blastoderm  is 
thin,  we  see  the  sinking  down  of  the  blastocoel  in  form  of  a  slit,  be- 
tween  the  blastoderm  and  its  yolk-mass,  W'hile  on  the  opposite  side 
the  wall  passes  gradually  to  the  lower  mass  of  yolk-cells,  the  fact 
which,  if  I  do  not  mistake,  was  first  observed  by  O.  Schultze,  in  the 
eggs  of  Rana. 

Just  at  this  point,  where  the  blastocoel  sinks  downwards,  we  find, 
on  the  surface  of  the  egg,  the  formation  of  a  transverse  line  or  furrow. 
This  appears  at  first  as  a  shallow,  slightly  curved  line  on  that  side 
of  the  egg  about  midway  between  the  upper  and  the  lower  pôles  and 
showing  a  number  of  sraall  fold-like  processes  on  its  upper  edge 
(Figs.  2  and  3).  It  thus  lias  a  very  close  resemblance  to  the  beginning 
of  the  blastopore  with  which  the  writer  for  the  first  time  confîrmed  it. 
Soon,  however,  it  showed  itself  to  be  quite  a  difï'erent  structure  frora  a 
blastopore.  It  soon  became  elongated  at  both  the  ends  which  take  a 
course  in  a  quite  opposite  direction  to  their  first  appearance,  turning 
upwards. 

As  soon  as  this  is  formed,  a  second  furrow  becomes  visible  parallel 
to  the  first  and  in  exactly  the  same  manner  and  direction. 

Meanwhile  the  first  furrow  shifts  its  position  towards  the  dorsal 
or  cephalic  end,  v/hile  the  lower  furrow  moves  gradually  towards 
the  ventral  side.     This  movement  of  the  second  furrow  is  quickest 
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near  the  médian  Une,  so  that  it  changes  its  shape  from  a  crescent  with 
the  médian  portion  bulging  ont  ventrally  (Fig.  12). 

This  second  furrow  is  the  true  blastopore,  while  the  first  furrow 
marks  the  hne  of  the  septum  between  the  blastocoel  and  the  gastro- 
coel,  so  that  we  will  call  this  furrow  the  septal-furrow. 

Both  the  ends  of  the  septal  furrow  elongate  more  and  more  until 
they  become  united  with  each  other  at  the  point  opposite  to  its  first 
appearance.  There  is  thus  formed  on  the  surface  of  the  egg  a  circular 
segment,  beneath  which  the  blastocoel  lies.  We  call  this  segment 
the  blastocoel  segment.  At  its  first  formation  the  segment  is 
rather  large,  covering  nearly  the  entire  dorsal  half  of  the  egg,  but 
soon  it  diminishes  in  size  and  form,  in  this,  that  its  circumference 
gradually  makes  a  centripetri  movement,  except  at  the  point  where 
both  the  end.''  of  the  furrow  tiave  met  with  each  other.  The  céphalo- 
caudal  diameter  of  the  segment  tlius  becomes  smaller  than  the  latéral 
and  the  form  of  the  segment  thus  changes  from  a  circle  to  an  ellipse. 

On  the  surface  of  the  segment  we  observe  a  number  of  small 
star-shaped  Unes,  which  gradually  increase  as  the  diminution  of  the 
segment  continues.  The  ends  of  thèse  Unes  soon  unité  with  each 
other  and  there  are  thus  formed  a  mass  of  small  polygonal  figures 
which  appear  very  much  like  the  cells.  Thèse,  however,  are  formed 
as  wrinkles  on  the  surface  of  the  segment,  by  the  graduai  pushing 
in  of  the  circumference  of  the  segment,  as  above  stated,  and  has 
nothing  to  do  with  the  cells  (Figs.  7,  S,  9,  10). 

That  part  of  the  circumference  of  the  segment  where  the  ends 
of  the  furrow  hâve  met  becomes  somewhat  sunken  down  or  in,  as 
the  diminution  of  the  segment  continues  (Fig.  11),  and  a  number  of 
irregular  wart-like  élévations  are  formed  (Fig.  13).  The  gastro- 
coel  now  occupies  almost  the  entire  dorsal  portion  of  the  egg,  while 
the  blastocoel  has  become  very  small  and  lies  at  the  extrême  anterior 
end  of  the  egg,  just  beneath  the  rest  of  the  blastocoel  segment  (Fig.  19). 
The  blastopore  has  now  become  much  elongated  and  has  shifted  its 
position  from  about  the  equator  of  the  egg,  where  it  first  made  its 
appearance,  to  near  the  ventral  side  of  the  egg. 

By  the  pushing  downward  of  the  médian  portion  of  the  blasto- 
pore, this  structure  has  also  changed  its  form,  its  outline  becoming 
nearly  straight.  The  first  appearance  of  the  "Rlickenlinie"  is  now 
to  be  seen  on  the  médian  Une  at  a  little  distance  in  front  of  the 
blastopore. 

We  give  now  a  séries  of  outline  figures  of  the  sections  made  of  the 
stages  above  described.  Fig.  14  is  a  longitudinal  section  of  the  stage 
earlier  than  Fig.  1.  The  upper  shaded  portion  represents  the  smaller 
animal  cells  of  the  blastula,  passing  gradually  to  the  larger  yolk-cells; 
the  blastocoel  hère  is  still  rather  small.  In  Fig.  15,  which  corresponds 
to  the  surface-view  of  the  e^g  in  Fig.  2,  but  in  which  the  septal  furrow 
is  not  yet  formed,  we  see  the  enlargement  of  the  blastocoel  and  the 
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thinning  ont  of  its  wall,  which  already  shows  a  marked  différence 
between  the  anterior  and  the  posterior  ends. 

At  the  cephahc  anterior  end,  as  said  before,  the  wall  is  thicker 
and  passes  gradually  to  the  low^er  yolk-cells,  while  at  the  posterior 
end  it  is  thin  and  passes  rather  abruptly  to  the  same,  making  thus, 
more  or  less,  an  acnte  angle.  In  Fig.  16  the  slit,  like  the  lowering 
down  of  the  blastocoel,  is  seen  at  the  posterior  end  of  the  same  and 
just  on  the  outer  side  of  this  slit  is  seen  a  shallow  invagination  which 
represent  the  beginning  of  the  blastopore,  which,  although  on  the 
surface-view,  as  said  before,  appears  later  than  the  septal  furrow, 
is  in  sections,  always  very  distinctly  to  be  seen,  where  no  sign  of  this 
latter  septal  furrow  is  visible.  This  perhaps  is  due  to  the  fact  that 
the  septal  furrow  is  at  its  beginning  very  shallow,  and  therefore  not 
well  defined  in  sections. 

The  blastopore  becomes  deeper  in  Fig.  17,  passing  obliquely 
inwards  and  downward,  half  of  its  lower  base  being  formed  by  the 
cells  of  the  dorsal  wall.  Just  above  this  invagination  is  seen  a  much 
shallower  one,  which  represents  the  septal  furrow  (Fig.  16).  In 
Fig.  18  the  blastopore  has  removed  to  near  the  lower  side  of  the 
egg  and  the  gastrocoel  is  seen  as  a  rather  large  cavity  lying  dorsally 
to  it.  The  blastocoel  on  the  contrary  is  now  more  or  less  reduced  in 
size,  being  pushed  forward  by  the  growing  gastrocoel.  The  septum 
between  thèse  two  cavities  is  well  to  be  seen  and  is  composed  at 
its  narrowest  portion  of  a  row  of  single  layer  of  large  cells,  fîlled  with 
yolk-granules. 

A  shallow  septal  furrow  is  visible  just  outside  of  the  dorsal  edge 
of  the  septum. 

Lastly,  in  Fig.  19,  the  gastrocoel  now  occupies  almost  the  entire 
dorsal  portion  of  the  egg,  pushing  the  blastocoel  to  the  extrême  an- 
terior end.  This  latter  cavity  has  also  much  reduced  in  size,  lying 
just  within  the  remuant  of  the  blastocoel  segment,  where  it  disap- 
pears  gradually,  never  becoming  confluent  with  the  gastrocoel. 

Both  the  centrosomes  and  the  ciHary  process  remain  therefore 
usually  within  the  cell-body.  The  centrosomes,  which  up  to  this 
time  lie  at  one  side  of  the  nucleus  without  any  definite  relation  to 
each  other,  come  now  in  close  proximity;  and  while  the  larger  cen- 
trosome  transforms  itself  into  a  ring  by  the  atrophy  of  the  central 
portion  of  the  disk,  the  smaller  one  comes  to  pass  through  it,  and 
assumes  a  position  close  to  the  wall  of  the  nucleus.  Thèse  processes 
are  seen  in  Figs.  8,  9,  10  and  11.  In  Fig.  9  the  ring  is  seen  a  little 
obliquely  and  the  smaller  centrosome  ^âth  the  cilia  is  just  passing 
through  the  ring,  and  in  Figs.  10  and  11  it  has  already  passed  through 
it  and  is  placed  rather  near  to  the  surface  of  the  nuclear  wall,  which 
is  also  a  Httle  depressed  in  the  cells  of  Figs.  8  and  10.  A  slight  élé- 
vation is  also  to  be  seen  on  the  surface  of  the  cell  where  the  cen- 
trosomes are  found,  which  is  destined  to  form  the  tail  of  the  adult 
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spermatozoon;  and  in  Fig.  12  nearly  the  ripe  condition  is  attained, 
the  hooks  only  being  wanting.  In  ail  thèse  cells  the  idiozome  is  seen 
surrounding  the  centrosomes  and  placed  within  the  élévation  at  the 
base  of  the  tail.  Whether  the  idiozome  remains  permanently  within 
this  portion  of  the  spine,  or  a  part  of  it  goes  to  form  the  body  of  the 
spine  itself,  is  a  point  not  yet  sufficiently  clear. 


THE    EMBRYOLOGY    OF    THE    FLORIDA    ALLIGATOR 
{A.   MISSISSIPPIENSIS) 

ALBERT  M.   REESE 

Practically  the  only  work  that  lias  been  done  upon  the  devel- 
opment  of  diis  reptile  is  described  in  the  well-known  paper  by  Clarke/ 
This  lack  of  investigation  upon  such  an  important  form  is  doubtless 
due  to  the  great  difficulties  experienced  in  collecting  the  necessary 
material.  Clarke,  sorae  twenty  years  ago,  made  three  trips  to  Florida 
in  search  of  material,  for  the  use  of  some  of  which  the  writer  is  much 
indebted  to  him  ;  and  parts  of  three  summers  hâve  been  spent  by  the 
writer,  among  the  southern  swamps,  on  the  same  quest.  The  longest 
and  most  successful  of  thèse  expéditions  was  made  through  the  lib- 
erality  of  the  Smithsonian  Institution,  another  was  made  possible  by 
a  small  grant  from  the  Elizabeth  Thompson  Science  Fund,  and  the 
third  was  undertaken  at  the  author's  own  expense.  The  chief  diffi- 
culty  in  collecting  the  material  is  to  obtain  the  earliest  stages  of  de- 
velopment.  This  difficulty  is  due  largely  to  the  fact  that  the  earlier 
stages  are  usually  passed  through  before  the  eggs  are  laid,  and  when 
the  undeveloped  eggs  are  removed  from  the  oviducts  of  the  female 
alligator  they  cannot  be  made  to  develop,  even  with  the  greatest  care. 
Voeltzkow  ^  experienced  the  same  difficulty  in  collecting  crocodile 
material  in  Madagascar,  and  obtained  the  desired  stages  only  by  tying 
a  live  crocodile  and  removing  the  eggs,  at  intervais,  through  a  slit 
in  the  body  wall  and  oviduct. 

The  eggs  hâve  a  rough,  white,  calcareous  shell,  and  average  about 
74  mm.  X  43  mm.  in  size;  they  are  elliptical  in  shape,  not  pointed  at 
one  end  as  is  the  hen's  egg.  The  albumen  is  very  stifî,  so  that  the  egg 
may  be  emptied  from  the  shell  and  passed  from  hand  to'hand  without 
rupturing  the  délicate  vitelline  membrane  around  the  yolk.  A  white, 
chalky  band  appears,  early  in  development,  in  the  shell  membranes 
around  the  smaller  circumference  of  the  egg;  it  is  clearly  visible  before 
or  after  removal  of  the  shell. 

The  mesoderm.,is  derived  chiefly  by  prolifération  from  the  upper 
side  of  the  entoderm.  Ail  of  the  mesoderm  anterior  to  the  blastopore 
seems  to  be  derived  in  this  way;   while  that  back  of  the  blastopore  is 

1  Clarke,  S.  F.,  The  Habits  and  Embryology  of  the  American  Alligator. 
Jour.  Morph.,  5,  pp.  1S2-214,  1891. 

-  Voeltzkow,  A.,  Biologie  und  Entwicklung  der  âusseren  Kôrperfrom  von 
Crocodilus  madagascariensis  Grand.  Abh.  Senck.  Natufor.  GeselL,  26,  pt.  1,  pp. 
1-149,  1S89. 
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derived  in  the  usiial  way  by  prolifération  from  the  lower  side  of  the 
ectoderm.  It  is  not  possible,  however,  to  distinguish  with  certainty 
between  the  mesoderm  derived  from  the  entoderm  and  that  derived 
from  the  ectoderm. 

During  the  earlier  stages  of  development  the  ectoderm  becomes 
greatly  thickened  along  the  médian  longitudinal  axis. 

The  notochord  is  apparently  of  entodermal  origin,  though  in  the 
posterior  région  of  the  early  eml:)ryo,  where  the  germ  layers  are  less 
distinct  from  each  other,  it  is  impossible  to  say  whether  the  noto- 
chord is  derived  directly  from  the  entoderm  or  from  the  mesoderm 
that  has,  itself,  just  sépara ted  from  the  lower  layer. 

The  medullary  folds,  as  pointed  ont  by  Clarke,  hâve  a  sort  of  double 
origin  :  the  posterior  and  greater  part  of  the  folds  arises  in  the  ordi- 
nary  way,  while  anterior  to  thèse  appears  a  V-shaped  fold  (pointed 
caudad)  which  séparâtes  so  that  each  side  of  the  V  may  fuse  with  the 
anterior  end  of  the  corresponding  fold  of  the  posterior  région.  The 
posterior  end  of  the  medullary  groove  is  al)Solutely  continuons  with 
the  primitive  groove,  so  that  no  line  of  demarkation  can  be  drawn  be- 
tween them,  unless  the  dorsal  opening  of  the  blastopore  be  taken  as 
the  point  of  division. 

The  amnion  develops  rapidly,  and  entirely  from  the  anterior  end  ; 
it  shows  not  the  least  sign  of  a  tail-fold. 

The  blastopore  or  neurenetric  canal  is  a  very  marked  feature  of 
ail  early  embryos  until  about  the  time  of  closure  of  the  medullary 
canal. 

Preceding  the  ordinary  cranial  flexure  there  is,  in  early  embryos, 
a  temporary  downward  bending  of  the  anterior  ends  of  the  medullary 
folds  due,  apparently,  to  the  formation  of  the  head-fold. 

During  the  earlier  stages  of  development  the  anterior  end  of  the 
embryo  is  pushed  down  under  the  blastoderm,  so  that  it  cannot  be 
seen  from  above. 

Body  torsion  takes  place  at  about  the  same  stage  of  development  as 
in  the  chick,  but  it  is  less  definite  in  direction,  some  embryos  lying  on 
the  right,  others  on  the  left  side. 

Certainly  three,  and  probably  four,  of  the  gill  clefts  open  to  the 
exterior.  An  apparent  fifth  cleft  is  seen,  in  a  rudimentary  condition, 
in  sections  and  in  one  surface  y'iew. 

The  first  trace  of  the  urinary  organs  is  seen  as  a  pair  of  solid, 
dorsally  projecting  ridges  of  mesoblast  in  the  middle  région  of  an 
embryo  with  seventeen  pairs  of  mesoblastic  somites.  Thèse  ridges 
soon  become  hollow  to  form  the  Wolffian  ducts. 

The  pituitary  and  pineal  bodies  are  easily  seen  ;  the  latter  projects 
backwards.^ 

'  More  récent  investigations  by  the  writer,  soon  to  be  piiblished,  show  that 
the  structure  mentioned  above  as  the  pineal  body  is  rcally  the  paraphysis  ;  the 
pineal  body  is  absent  in  this  animal. 


EMBRYOLOGY    OF    THE    FT.ORTDA    ALTJGATOR      537 

No  connection  can  be  made  out  bctween  the  early  rudiments  of 
the  sympathetic  nerves  and  the  central  nervous  System. 

The  himen  of  the  œsophagus  is,  as  in  other  forms,  for  a  time 
obhterated. 

The  choroid  fissure  is  a  very  transitory  but  well-marked  feature  of 
the  embryonic  eye. 


ON  THE  DEVELOPMENT  OF  THE  CHONDROCRANIUM 

IN    BIRDS 

J.   W.   VAN   WIJHE 

The  aim  of  my  communication  is  to  give  a  brief  account  of  the 
préparations  on  the  development  of  the  chondrocranium  in  birds 
made  with  the  methylene-bkie  method  by  my  former  assistant,  Dr. 
Sonies.     A  part  of  thèse  préparations  is  exhibited  at  this  congress. 

The  detailed  description  appeared  about  two  months  ago  in 
Petrus    Ccmiper.  ^ 

The  fact  of  more  gênerai  interest  stated  by  Sonies  seems  to  me 
the  occurrence  of  two  cartilaginous  vertébral  centra  in  the  occipital 
région  of  birds,  and  as  it  is  just  now  a  hundred  years  ago  since 
Lorenz  Oken  ^  published  his  vertébral  theory  of  the  skuU,  I  may 
perhaps  be  permitted  to  expose  the  foUowing  views  on  the  segmenta- 
tion of  the  head  of  vertebrates  already  published  elsewhere. 

It  is  a  well-known  fact  that  at  a  certain  stage  of  development  the 
notochord  in  ail  vertebrates  extends  forward  as  far  as  the  hypophysis 
cerebri  and  backwards  as  far  as  the  end  of  the  tail. 

Over  the  whole  length  of  the  trunk  and  also  in  the  occipital  ré- 
gion of  the  head  the  dorsal  part  of  the  mesoderm  is  separated  into 
somites. 

In  the  lower  vertebrates,  selachians  and  petromyzontes,  the 
somites  are  not  restricted  to  the  occipital  région,  but  extend  forward 
as  far  as  the  hypophysis,  i.  e.,  equally  far  as  the  notochord. 

The  greater  part  of  the  voluntary  muscular  system  is  formed 
from  the  somites,  and  in  Amphioxus  the  segmentation  of  this  (pari- 
étal) muscular  system  is  permanent  and  distinct  from  the  anterior 
to  the  posterior  end  of  the  body. 

The  original  function  of  the  somitic  muscles  of  the  chordates  con- 
^        .   .         . 
sisted,  in  my  opinion,''  in  the  to  and  fro  movement  of  the  notochord, 

and  so  of  the  whole  body  during  swimming. 

In  the  craniotes  this  muscular  system  is  interrupted  in  the  région 

of  the  auditory  organ,  and  in  my  opinion  the  présence  of  the  auditory 

capsule  is  the  cause  of  this.     This  capsule,  which  also  encloses  the 

'  F.  Sonies,  Ueber  die  Entwickelunfi;  des  Chondrocraniums  und  der  knor- 
peligen  Wirbelsaule  bei  den  Vôgeln.    Petrus  Camper.  4,  Part  4,  1907. 

-  Oken,  Ueber  die  Bedeutung  der  Schildelknochen.  Ein  Programm  beim 
Antritt  der  Professur  an  der  Gesammt-Uniyersitiit  zu  Jena,  1807. 

3  Cf.  van  Wijhe,  Ueber  die  Homologi  siriuig  des  Mandes  und  die  primitive 
Leibesgliederung  der  Wirbel  thiere.    Petrus  Camper,  4,  Parts  1  and  2,  1906. 
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organ  of  equilibrium,  needed  a  firmer  attachment  than  could  be  af- 
forded  by  the  coiinective  tissuc,  and  found  it  in  the  parachordal  car- 
tilao-e,  through  the  stiffncss  of  wliich  the  muscnlar  fibres  of  the  somites 
in  this  région  could  no  longer  operate  and  consequently  disappeared, 
partly  even  in  their  origin. 

The  effect  of  this  was  also  felt  in  the  région  in  front  of  the  auditory 
organ,  but  hère  part  of  the  somitic  muscular  fibres  persisted  on  ac- 
count  of  a  change  of  function.  They  became  attached  to  the  hère 
developing  eyeball,  and  now  served  for  the  movement  of  this  latter 
and  no  longer  for  the  movement  of  the  whole  body.  This  was  accom- 
panied  by  far-reaching  shiftings,  which  can  still  be  followed  in  the 
individual  develo})ment. 

The  cartilaginous  skeleton  forms  a  System  which  appears  only  late 
in  the  development  of  the  vertebrates  and  long  after  the  appearance  of 
the  muscular  System,  As  soon  as  the  first  cartilage  may  be  observed, 
the  muscular  System  in  the  head  has  undergone  the  changes  indicated 
above.  In  the  auditory  région  of  the  inferior  vertebrates  the  somites 
hâve  disappeared,  some  of  them  without  producing  muscular  fibres, 
while  others  produced  only  abortive  ones.  In  the  higher  vertebrates 
even  the  segmentation  of  the  mesoderm  has  been  suppressed  in  this 
région. 

In  front  of  the  auditory  organ  the  somites  hâve  entirely  changed  in 
place  and  shape  and  hâve  entered  into  the  service  of  the  eyeball.  Only 
in  the  occipital  région  the  myotomes  —  generally  numbering  three  — 
still  stand  in  the  original  order  and  hâve  the  same  shape  as  the  myo- 
tomes of  the  trunk. 

Head  and  trunk  are  separated  in  the  ontogeny  —  although  the 
border  is  later  somewhat  shif ted  in  a  caudal  direction  —  already 
before  the  cartilaginous  vertébral  column  appears,  and  I  see  no 
reason  for  assuming  that  this  séparation  should  not  hâve  taken  place 
also  in  phylogeny  before  the  appearance  of  the  column. 

The  segmentation  of  the  vertébral  column  dépends  on  that  of  the 
muscular  System.  The  body  of  a  vertebra  is  not  formed  opposite  the 
middle  of  a  myotome,  but  opposite  the  border  of  two  successive  myo- 
tomes. Balfour  has  given  the  explanation  of  this  at  first  sight  curious 
phenomenon.  The  first  muscular  fibres  occupy  the  whole  length  of  a 
myotome  and  lie  laterally  of  the  tissue  surrounding  the  notochord. 
Now  it  is  no  more  than  natural  that  the  solid  points  of  attachment 
which  in  this  tissue  are  formed  for  the  muscular  fibres,  namely,  the 
origin  of  the  vertébral  bodies,  are  formed  opposite  the  borders  of  two 
successive  myotomes. 

If  we  now  ask  where  the  appearance  of  vertébral  centra  in  the 
head  may  be  expected,  the  answer  must  be  that  this  cannot  be  in 
the  auditory  région,  since  hère  the  myotemes  hâve  disappeared  at  the 
time  of  the  appearance  of  the  cartilage.  No  more  can  this  be  the 
case  in  the  région  in  front  of  the  auditory  organ,  for  hère  the  myo- 
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tomes  hâve  entirely  altered  their  place  and  hâve  entered  into  the 
service  of  the  eyeball. 

Only  in  the  occipital  région  one  would  expect  the  appearance  of 
two  or  three  vertebrae.  Yet  until  recently  nobody  lias  observed 
them  hère,  although  this  région  lias  been  investigated  not  only  by  the 
niethod  of  séries  of  sections,  but  also  by  the  methylene-blue  method, 
by  which  the  investigation  is  so  miicli  easier.  By  this  niethod 
Noordenbos  did  not  find  them  in  the  skull  of  mammals,  nor  did  I 
in  the  skull  of  selachians.  Instead  of  vertebrae  v^e  only  found  the 
well-known  parachordal  cartilage  accompanying  the  notochord  in 
the  occipital  and  auditory  régions. 

Certain  authors  hâve  indeed  spoken  of  the  origin  of  vertebrae  in 
the  occiput;  but  the  parts  observed  by  them  were  not  cartilaginous, 
and  only  badly  outlined  cell-heaps,  not  deserving  the  name  of  vertebrae. 

So  I  was  greatly  surprised  when  my  former  assistant,  Dr.  F. 
Sonies,  discovered  by  the  methylene-blue  method  two  cartilaginous 
vertébral  bodies  in  the  occiput  of  embryos  of  the  chick  of  the  sixth 
breeding  day,  and  of  ducks  in  a  corresponnding  stage. 

It  w^ill  be  asked  how  it  is  possible  that  thèse  vertebrae  hâve  not 
been  long  known,  since  the  embrvos  of  the  chick  form  the  classical 
material  for  investigation  in  ail  embryological  labora tories.  The 
answer  is  that  they  were  not  discovered  because  the  stage  in  which 
they  appear  is  of  so  very  short  duration.  One  lias  to  hit  the  moment 
in  which  the  cartilage  appears  in  the  first  two  vertebrae  of  the  neck. 
Before  the  cartilage  appears  in  the  remaining  vertebrae,  the  two 
occipital  vertebrae  hâve  already  coalesced  witli  the  parachordal 
cartilage. 

It  is  impossible  to  indicate  the  hour  of  the  breeding  day,  since  the 
development  of  the  différent  eggs  varies  too  much.  By  taking  a  large 
quantity  of  material,  however,  it  is  always  possible  to  obtaiii  the  desired 
stage.  It  would  require  an  immense  expenditure  of  time  to  work  ail 
this  material  by  the  method  of  séries  of  sections.  Witli  the  methylene- 
blue  method,  however,  one  is  ready  in  a  few  days. 

So  the  parachordal  cartilage  of  birds  does  not  originally  form  a 
morphological  unity.  With  Sonies  we  may  distinguish  two  parts  in  it  : 
an  anterior  pruevertebral  part,  situated  in  a  région  where  the  myo- 
tomes  are  degenerate  or  abortive,  and  a  posterior  or  vertébral  part,  oc- 
curring  in  the  shape  of  two  vertébral  bodies,  which  soon  coalesce  with 
the  anterior  part. 

Corresponding  to  thèse  two  vertébral  bodies  later  also  two  vertébral 
arches  appear  on  each  side,  which  soon  coalesce,  but  the  locality  of 
which  remains  indicated  by  two  openings  for  the  two  roots  of  the  hypo- 
glossal  nerve. 

In  later  stages  there  occurs  in  front  of  thèse  two  openings  a  very 
small  third  one  for  a  l)loo(l  vessel.  Probably  this  third  opening  served 
primitively  for  a  third  abortive  root  of  the  hypoglossal  nerve. 
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Other  facts  stated  hy  Sonies,  chiefiy  in  embryos  of  the  chick  and 
duck,  may  brieHy  be  enumerated  as  follows; 

1.  The  first  élément  appearing  of  the  cartilaginous  skeleton  in 
birds  is  neither  a  part  of  the  vertébral  column  nor  the  parachordal 
cartilage  or  the  trabecula,  but  an  unpaired  pièce  of  cartilage  behind 
the  hypophysis  cerebri,  encircling  the  notochord  near  its  front  end. 
It  may  be  called  the  acrochordal  cartilage 

2.  Soon  afterwards  the  parachordal  cartilage  is  seen  encircling 
the  notochord  in  the  auditory  région,  and  a  little  later  appear  in  front 
of  the  hypophysis  the  tral)eculae  paired  at  first  but  soon  coalescing. 

3.  The  trabeculae  do  not  unité  directly  with  the  parachordal 
cartilage  but  by  the  intermediate  of  the  polar  cartilage,  discovered 
by  Noordenbos  in  mammals  and  found  by  myself  in  selachians. 

4.  The  auditory  capsule  develops  from  two  parts,  which  grossly 
may  be  compared  to  a  box  and  its  cover.  The  basai  or  cochlear  part  '■ — 
the  box  —  is  the  basiotic  lamella.  It  appears  in  the  chick  as  in  the 
Selachians  in  the  form  of  a  latéral  wing  of  the  parachordal  cartilage. 
In  the  duck,  however,  it  is  at  first  independent,  but  soon  coalesces  with 
the  parachordal  cartilage.  The  cover  of  the  box,  i.  e.,  the  cana- 
licular  part,  is  at  first  independent  as  in  the  whole  vertebrate  séries, 
but  aftervi^ards  unités  w^ith  the  basiolic  lamella.  In  the  line  of  union 
remains  a  small  opening  through  which  the  facial  nerve  escapes  from 
the  auditory  capsule,  and  this  opening  is  transformed  ijito  a  little  tube: 
the  first  part  of  the  Fallopian  canal. 

5.  The  polar  cartilage  coalesces  behind  with  the  basiotic  lamella 
and  in  front  with  the  trabecula.  Between  the  acrochordal  and  the 
front  end  of  the  parachordal  cartilage  lies  the  fenesfra  basicranialis 
posferior,  a  primary  formation,  not  due  to  the  résorption  of  cartilage. 

G  .    An  independent  intertrabecula  does  not  exist. 

7.  In  the  latéral  part  of  the  inetotic  fissure  appears  an  independent 
cartilage  (the  "  OccipitalflUgel  "  of  Suschkin),  with  two  openings 
at  its  base,  one  for  the  glossopharyngeal,  the  other  for  the  vagus 
nerve. 

8.  In  the  dorsal  part  of  the  auditory  région  appears  an  inde- 
pendent paired  tectum  synoticum. 

9.  A  little  in  front  of  the  auditory  capsule  appears  the  antotic 
lamella  which  soon  unités  with  an  at  first  independent  postorbital 
(supra-orbital)  cartilage.  Later  this  cartilage  extends  backwards, 
coalesces  with  the  auditory  capsule  and  closes  the  antotic  fissure 
dorsally,  transforming  it  into  an  opening  for  the  second  and  third 
branch  of  the  trigeminal  nerve.  The  first  branch  has  a  more 
medial  opening  for  itself. 

10.  At  the  border  of  the  orbital  and  nasal  région  appears  a  long 
orbitonasal  lamella,  the  back  end  of  which  almost  attains  the  postorbital 
(supra-orbital)  cartilage.  This  lamella  almost  entirely  disappears  in 
the  course  of  development. 
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11.  The  latéral  wall  of  the  nose  (vvith  the  conchae)  is  an  independ- 
ent  formation. 

12.  The  auditory  columella  consista  of  two  parts  :  stapes  and 
extracolumella.  The  stapes  is  never  in  continuity  vvith  the  auditory 
capsule.  The  extra-columella  of  the  chick  contains  independent, 
cartilaginous  points. 

13.  A  stapedial  muscle, innervated  by  the  facial  nerve,  as  in  Mam- 
mals,  is  inserted  to  the  supra-stapedial  process. 

14.  The  stylohyal  and  ceratohyal  appear  as  independent  paired 
cartilages. 

15.  The  quadrate  cartilage  is  independent  from  the  beginning, 
and  Meckel's  cartilage  appears  in  the  duck  as  in  some  Selachians  as 
two  pièces  of  cartilage,  which  soon  coalesce  on  both  sides  of  the  body. 

16.  The  hyoidean  apparatus  is  at  first  coniposc^d  of  two  copidae 
and  of  the  ceratobranchial  and  epibranchaial  belonging  to  the  third 
viscéral  arch.   •  Later  appears  the  ceratohyal  cartilage  named  above. 

17.  The  bodies  of  the  vertebrae  are  formed  as  cartilaginous  rings 
around  the  notochord. 

18.  There  are  only  two  cartilaginous  intcrccittra  in  the  trunk; 
the  first  forms  afterwards  the  anterior  arch  of  the  atlas,  the  second 
belongs  to  the  région  of  the  axis. 

19.  The  vertébral  arches  arise  independent  of  the  vertébral  bodies. 

20.  The  ribs  appear  in  the  cervical  and  thoracal  régions  as  inde- 
pendent cartilages.    Atlas  and  axis  are  without  rudiments  of  ribs. 


ON    THE    EARIJEST    KNOWN    STAGES    OF    PLACEN- 

TATION    AND    EMBRYONIC    DEVELOPMENT 

IN    MAN 

MAXIMILIAN   HERZOG 

The  most  important  contribution  to  our  knowledge  of  the  earli- 
est  stages  of  hiiman  placentation  was  made  less  than  ten  years  ago 
by  Peters,  whose  monograph  is  so  well-known  to  every  student  of 
the  subject.  Leopold  also  recently  piiblished  an  account  of  a  very 
young  human  ovum  obtained  in  situ.  Without  trying  to  detract 
from  the  great  vahie  and  fundamental  importance  of  Peters'  spéci- 
men, it  is  proper  to  point  ont  that  it  came  from  a  case  which  leaves 
open  the  question  of  possible  pathologie  changes.  Peters'  ovum 
was  obtained  from  a  woman  who  coramitted  suicide  by  swallowing 
a  large  quantity  of  caustic  potash  solution,  and  who  died  three  hours 
later.  Such  a  rapid  death  after  the  ingestion  of  the  fixed  minerai 
alkalies  is  extremely  rare,  and  I  can  only  find  the  very  incomplète 
record  of  a  single  case,  that  of  a  boy,  said  to  hâve  died  three  hours 
after  swallowing  lye.  It  is  also  évident  that  the  embryo  in  Peters' 
ovum  has  not  contributed  much  to  our  knowledge  of  the  earliest 
stages  of  the  development  of  man,  and  so  great  an  authority  on 
young  human  embryos  as  Count  Spee  has  not  been  able  to  make 
much  out  of  this  embryo. 

In  Peters'  spécimen  the  ovum  has  an  elliptical  form,  and  the 
exocœlora  presented  the  following  measurements  :  1.6;  0.8;  0.9 
millimeters.  The  embryo,  which  was  not  well  preserved,  as  stated 
by  Peters  himself,  extended  over  nineteen  sections,  each  ten  microns 
thick.     No  further  measurements  or  data  were  given. 

Leopold's  small  ovum  which  forms  the  basis  of  his  report  was 
obtained  from  a  young  woman  who  committed  suicide  by  taking 
phosphorus.  After  a  prolonged  search  of  the  interior  of  the  utérus, 
Leopold  found  at  the  posterior  wall  of  the  corpus  a  small  point, 
somewhat  lighter  than  the  surrounding  tissue.  A  cubical  pièce  of 
tissue  containing  this  lighter  point  was  properly  fixed  and  sectioned 
into  a  séries  of  five  microns  each.  One  hundred  and  sixty  sections 
showed  a  very  small  cavity,  which  presented  the  following  measure- 
ments: Length,  1.4  mm.;  height,  0.9  mm.  ;  thickness,  0.8  mm.  In 
no  section  could  Leopold  find  anything  like  an  embryonic  shield  or 
an  amnion,  hence  he  himself  raises  the  question  whether  or  not  this 
ovum  might  not  be  looked  upon  as  a  pathologie  spécimen. 


544     vu.    INTERNATIONAL    ZOÔLOGICAL    CONGRESS 

We  most  decidedly  believe  that  the  small  ovum  of  Leopold,  if 
an  ovum  it  be  at  ail,  must  be  looked  upon  as  a  pathologie  spécimen. 
The  absence  of  the  embryonic  shield  in  a  closed  cavity  of  necessity 
must  favor  such  a  suspicion.  Perhaps  Leopold's  case  is  simply  the 
first  stage  of  a  hydatid  mole. 

The  présent  author  a  number  of  years  ago  became  interested  in 
human  placentation,  primarily  in  connection  with  the  morbid  anat- 
omy  and  histopathology  of  ectopic  gestation,  and  he  lias  for  years 
examined  for  very  young  human  ova,  as  a  matter  of  routine,  every 
utérus  and  every  Fallopian  tul)e  wliich  fell  into  his  hands,  either  as 
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an  operative  or  as  a  post-mortem  spécimen,  and  he  lias  been  fortu- 
nate  enough  to  obtain  a  utérus  from  an  absolutely  unobjectionable 
case,  containing  an  ovum  in  ail  of  its  main  features,  approximately 
alike  in  type  and  âge  to  the  Peters  ovum,  and  containing  a  perfectly 
well  preserved  embryonic  shield,  much  younger  than  any  human 
embryo  heretofore  satisfactorily  described.  The  spécimen  was 
obtained  during  our  term  of  service  as  pathologist  in  the  Govern- 
ment Bureau  of  Science,  Manila,  P.  T.,  and  the  case  from  which  it 
was  derived  presented  the  following  findings,  noted  down  at  the 
time  the  autopsy  was  held,  and  pul)lished  recently.^ 

*  Herzog:  Peculiar  Cases  of  Traumatism  of  Internai  Organs,  Some  Due  to 
Tropical  Conditions  and  Practices.  Surgery,  Gynecology  and  Obstetrics,  Vol.  IV, 
No.  6,  p.  741.     Chicago,  1907. 
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Mrs.  M.  R.,  frora  Intramuros,  Manila,  Filipina,  aged  twenty-five, 
died  July  17,  1904.  The  post-mortem  examination  was  made  July  18, 
twelve  hours  after  deatli.  Immédiate  cause  of  death  not  known. 
It  was  stated  that  slie  liad  been  struck  by  a  srnall  carnage  (called 
carromata  in  INIanila)  shortly  before  she  died.  Body  of  a  well- 
developed  young  native  woman,  twenty-five  to  thirty  years  of  âge. 
Post-mortem  rigidity  strongly  marked.  Post-mortem  lividity  quite 
noticeable.  Abdomen  somewhat  distended.  A  repeated  careful 
inspection  fails  to  show  any  signs  of  external  violence.     No  wounds, 
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contusions,  or  abrasions  of  any  kind  to  be  seen.  On  opening  the 
thoracic  cavity,  the  pericardiurn  is  found  to  be  much  distended,  and 
shining  through  it  there  appears  to  be  a  firm,  dark,  blood  coagulum. 
On  opening  the  pericardium,  it  is  found  that  it  contains  a  large 
amount  of  dark,  coagulated,  gelatinous  blood,  and  blood-tinged 
sérum,  distending  the  pericardium  ad  maximum  and  compressing 
the  heart.  A  careful  examination  fails  to  show  any  perforation  in  the 
pericardium.  The  heart,  which  weighs  about  226  grams,  présents  a 
perforation,  which  begins  2  cm.  to  the  left  of  the  anterior  border  of 
the  interventricular  septum.     The  perforation  extends  almost  hori- 
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zontally  toward  the  left,  being  a  little  downwardly  inclined.  It  forms 
a  slit  2.2  cm.  long,  running  5  cm.  above  the  apex,  and  5.5  cm.  below 
the  sulcus  of  the  heart.  The  edges  of  the  perforation  are  almost 
clean-cut  where  they  enter  the  myocardium,  as  if  they  had  been 
prodiiced  by  a  dull,  somewhat  serrated,  knife.  The  eut  takes  a 
somewhat  downward  and  inward  course,  travehng  through  the 
whole  thickness  of  the  myocardium.  Where  the  eut  enters  the  cavity 
of  the  heart,  the  margins  are  not  very  smooth,  but  rather  irregular 
axid  ragged.     The  consistency  of  the  myocardium  is  good.     Its  color 
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is  pinkish-brown,  and  ail  the  serons  surfaces  are  smooth.  There  are 
no  atheromatous  changes.  The  heart  is  covered  with  a  very  moder- 
ate  amount  of  epicardial  fat.  In  short,  the  whole  organ  is  absolutely 
normal.  After.  the  removal  of  the  lungs  (the  apex  of  the  right  one 
showing  a  very  few  tubercles,  and  a  little  caseous  nodule  not  larger 
than  a  lentil),  it  is  seen  that  the  second,  fourth,  and  fîfth  ribs  are 
fractured.  The  fracture  of  the  second  rib  is  found  to  be  7.5  cm. 
posterior  to  the  sternal  articulation,  tliat  of  the  fourth  one  9.0  cm., 
and  that  of  the  fifth  one  9.5  cm.  The  antcrior  fragments  are  directed 
inwards.     The  fragments  of  the  fourth  and  fifth  ribs  are  very  sharp 
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and  are  surrounded  by  an  area  of  subpleural  blood  extravasation. 
However,  thèse  fragments  havc  not  perforated  the  pleura  costalis. 
The  extravasated  blood  is  strictly  subpleural  and  no  free  l^lood  is 
found  on  the  surfaee  of  the  pleura.  The  iderun  appccirs  somewhat 
ciilarged,  and  the  leff  ovartj  shoics  a  fresh,  hoivecer  alrcadtj  closed,  corpus 
luteiim.  On  openin/j  the  utérine  cavity  a  littlc  hcniorrhagic  'mafi.s', 
about  onc-half  ceniinieter  or  less  in  diamcter,  is  found  cmhedded  in  the 
mucosa  of  tJtc  posterior  ivall,  near  the  entrance  of  the  left  tube.  This 
mass  was  cnrefidlij  eut  ont  and  placcd  in  Zcnhcr's  sohdlon,  as  it  ini(/ht 
be  a  very  yowtg  ovuiii.    AU  the  organs  of  the  body,  with  the  exception 
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of  the  apex  of  the  right  lung,  are  found  to  be  absolutely  normal.  They 
are  ail  more  or  less  congested  with  dark  fiuid  blood.  It  appears  clear 
that  the  woman  must  hâve  been  struck  at  the  side  of  her  body,  or  in 
the  back,  by  a  swiftly  moving  force.  This  force,  however,  did  not 
produce  any  signs  of  external  violence,  particularly  no  contusions, 
abrasions,  or  wounds.  The  force  traveled  through  the  soft  parts, 
and,  meeting  the  résistance  of  the  ribs,  fractured  them.  The  ante- 
rior  sharp  fragment  of  the  fourth  or  of  the  fifth  rib  was  evidently 
driven  into  the  wall  of  the  left  ventricle,  producing  a  complète  per- 
foration. A  highly  interesting  point  is  that  the  sharp  fragments 
neither  perforated  the  pleura  costalis  nor  the  pariétal  layer  of  the 
pericardium.  Only  when  the  résistance  of  the  firm  wall  of  the  ven- 
tricle was  encountered  did  a  rupture  or  perforation  occur,  a  hemor- 
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rhage  took  place,  and  when  the  pericardium  was  completely  filled, 
and  the  myocardium  much  compressed,  the  heart's  action  came  to  a 
sudden  standstill.     Death  occurred  from  syncope. 

Anatomical  Diaynosis:  Fracture  of  the  second,  foiirth,  and 
fifth  ribs  of  the  left  side.  Complète  perforation  of  the  wall  of  the  left 
ventricle.  Hemorrhage  into  the  pericardium.  Compression  of  the 
myocardium.     Beginning  tul^erculosis  of  the  apex  of  the  right  lung. 

Microscopic  examination  of  the  myocardium  showed  it  to  be 
perfectly  normal. 


FiG. 


To  this  history  simply  may  be  added  the  statement  that  it  was 
later  learned  through  the  police  reports  that  the  woman  had  indeed 
been  struck  by  the  swif tly-moving  shaft  of  a  small  carriage  ;  that  she 
fell  forward,  got  up,  staggered,  fell  again,  and  was  dead  within  a  few 
minutes. 

The  small  pièce  of  tissue  removed  from  the  utérus,  as  stated 
above,  was  placed  in  Zenker's  solution,  washed  in  running  water, 
and  was  then  embedded  in  paraffin.  Since  our  facilities  for  cutting 
sériai  sections  were  not  the  very  best  at  this  time  (July,  1904)  in 
Manila,  and  since  the  writer  was  then  engaged  in  the  study  of  bu- 
bonic  plague,  a  few  sections  only  were  prepared,  and  the  bulk  of  the 
block  was  preserved  for  future  work.  From  the  few  sections  exam- 
ined,  the  firm  impression  was  gained  that  the  utérine  mucosa  pre- 
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sented  the  picture  of  a  very  early  decidua,  with  cystic  hemorrhagic 
gland  spaces  of  the  type  of  those  of  the  Peters  oviim.  However,  the 
first  sections  did  not  show  either  a  trace  of  the  trophoblast  nor  the 
cavity  of  the  ovum. 

()n  June  15,  1907,  the  block  of  tissue  was  finally  divided,  and  I 
am  obHged  to  Dr.  Day,  pathologist  in  the  Chicago  Laboratory  of  the 
Bureau  of  Animal  Industry,  for  assistance  in  preparing  a  complète 
séries  of  sections.  Tlie  individual  sections  are  ail  seven  microns 
thick  ;  in  ail  they  number  303.  About  three  sections  were  lost  on  the 
microtome;  several  subsequently  floated  off  partly  or  entirely  from 
the  slides  during  the  process  of  staining  in  hematoxylin  and  eosin, 
but  fortunately  none  of  the  important  sections  were  lost. 


The  ovum  was  found  in  the  sections  number  63  to  235;  the 
embryo  in  sections  142  to  1G4.  The  measurements  obtained  by 
micrometer  are  the  following: 

Measures  obtained  i)i  section  No.  153.  —  Ovum  (chorionic  cavity  — 
exocœlom)  :  Greatest  length,  2.326  mm.  Greatest  width,  0.S04  mm. 
Greatest  thickness  (172  sections  at  7  microns  each),  1.204  mm. 

The  trophoblast  begins  to  show  in  section  No.  47,  and  ends  in 
section  No.  264.  Since  the  chorion  mesoderm  begins  to  show  in 
section  No.  63  and  ends  in  section  No.  235,  the  trophoblast  on  one 
pôle  is  16  sections  or  112  microns  thick,  and  on  the  other  29  sections, 
or  203  microns.  In  section  150  the  trophoblast,  towards  the  muscu- 
laris,  is  a  little  over  one  millimeter  thick  ;  towards  the  upper  surface, 
0.9  mm. 

The  gênerai  shape  of  the  ovum  is  that  of  an  elliptical  body,  which 
is  lens-shaped  on  cross-section. 
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The  embryo  was  found  to  be  in  an  excellent  state  of  préservation, 
e\en  to  the  extent  of  the  présence  of  a  nuinber  of  karyokinetic  figures 
in  the  ectoderm  shield  (Figs.  3  and  4  of  embryo;  sections  162  and  161 
of  the  whole  séries).  On  the  whole,  the  embryonic  shield  had  the 
shape  of  a  boat  with  a  rounded  bow  at  the  cephalic  and  a  pointed 
stern  at  the  caudal  end.  The  cephalic  end  was  first  seen  in  section 
164  (Fig.  1  of  embryo)  and  the  ectoderm  cells  of  the  caudal  end  of 
the  embryonic  shield  were  last  encountered  in  section  149.  Hence 
the  whole  length  of  the  embryonic  shield  proper  is  only  16  X  7  ^  = 
112  fJL.     However,  the  mesoderm  at  the  caudal  end  of  the  embryonic 


Fig. 


shit'kl,  where  it  is  continuons  with  the  yolk  sac,  extends  as  a  thick- 
ened  mass  from  sections  150  to  143,  or  over  a  distance  of  eight  sec- 
tions, equal  in  ail  to  56  /a.  We  hâve  hère  what  appears  an  extension 
of  the  shield-mesoderm  beyond  the  shield-ectoderm  and  entoderm 
(mesoderm  "Voihof")  at  the  caudal  end  of  the  shield.  Including 
the  mesoderm  "Vorhof  "  into  the  length  of  the  embryonic  shield,  the 
latter  extends  through  twenty-two  sections;  its  whole  length  there- 
fore  is  22  X  7  /i  =  154  fi. 

At  the  cephalic  end  the  thrce  germ  layers  form  three  concentric 
half  circles  (Sects.  3  to  8  of  the  eml)ryo)  in  such  a  manner  that  the 
ectoderm  forms  the  innermost  layer  and  the  entoderm  the  outermost 
layer.  The  concavity  of  the  shield  is  turned  towards  the  chorion 
mesoderm,  and   the  amnion,  likewise  directed   towards   the  chorion 
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mesoderm,  forms  with  the  emhrvonic  sliicld  (as  sccn  in  transvcM-se 
section)  an  almost  circular  ainniotic  cavity.  Il()\v(>v(r,  (lie  ainnion  is 
iiot  complète  at  the  et^plialie  end  hecausc  ils  two  latéral  wiiigs  stop 
short  and  do  not  ineet  in  the  médian  sagittal  planer  I  am  unable  to 
décide  whether  this  confignration  is  dui^  to  the  Fact  that  the  amnion 
had  not  heen  completed  in  the  médian  sagittal  j)laiie,  or  \vh(>lher  in 
sectioning  the  emhryo  soine  slireds  ot"  aiimioti  at  the  eephalic  v\h\  had 
been  torn  away. 


r-      •<V^A'<*i»-'^.J»SO-^      -    «%;»»!  ^î* 


FiG.  s. 

Tlie  first  section  (1()4)  lias  hit  the  eephalic  end  in  a  tangential 
manner,  and  the  first  fonr  sections  (Sects.  1  to  4  Embrvo)  do  not  show 
any  mesoderm,  bnt  ectoderm  and  entoderm  only.  On  section  5  of 
the  emliryo  the  three  germ  layers  are  beantii'nlly,  almost  diagrammati- 
cally,  shown.  It  appears,  therefore,  that  the  mesoderm  had  not  yet 
reached  the  very  mai'gin  of  the  ce])halic  end  and  that  the  amnion  hère 
is  composed  of  an  inner  ectoderm  and  an  onter  entoderm  layer; 
hence  it  might  l)e  looked  npon  as  ])resenting  in  a  somewhat  rndi- 
mentary  manner  the  pro-amnion  fonnd  at  a  very  early  stage  in  cer- 
tain mammalian  embryos.  The  measnrements  at  the  eephalic  end  of 
the  eml>rv()nic  shield  in  sections  4,  5,  and  6  in  the  dorso-ventral 
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diameter,  inckiding  the  cavity  of  the  amnion,  are  from  225  to  250  /i. 
At  the  caudal  end  die  embryo  is  anchored  to  the  chorion  mesoderm 
by  a  powerful  allantoid  stalk.  The  latter  is  composed  externally  of 
mesoderm  and  is  traversed  by  a  rather  slender  somewhat  curved 
canal  of  entoderm  cells.  The  allantoid  stalk  lias  not  at  ail  the  shape 
of  a  vesicle,  but  of  a  conical  broad-based  mass  traversed  in  its  interior 
by  a  slender  entoderm  tube  or  canal.  The  measurements  of  section 
12  of  the  embryo  are  as  follows:  dorso-ventral  diameter,  including 
yolk-sac,  embryonic  shield  and  allantoid  stalk,  392  /*.     The  embry- 


FiCx.  9. 


onic  shield  proper  is  hère  quitc  small  and  the  amniotic  cavity  has 
been  reduced  down  to  30  /a  dorso-ventral  diameter,  45  yu.  latéral 
diameter.  Diameter  of  yolk-sac  about  150  /i;  length  of  allantoid 
stalk,  ISO  fi. 

The  yolk-sac  entoderm  shows  first  in  section  No.  0  of  the  embryo. 
In  section  10  the  cavity  of  the  yolk-sac  is  lined  by  a  complète  distinct 
layer  of  entoderm  cells.  In  sections  9,  10,  and  11  of  the  embryo  the 
cavity  of  the  yolk-sac  is  quite  small  and  slit-like.  It  then  gradually 
increases  and  reaches  its  greatest  diameter  in  the  sections  containing 
the  caudal  end  of  the  embryonic  shield.    From  hère  on  it  hangs  down 
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froc  for  a  considérable  distance  into  the  exocœloin.  Tt  can  last  be 
seen  in  section  122.  Its  entodenn  and  niesoderin  layers  are  hère  very 
distinct.  In  section  123  the  yolk-sac  is  not  seen  aiiy  more,  nor  in  any 
of  the  foUowini;'  sections.  It  nuist  hâve  extended  soniewiiat  beyond 
section  Xo.  122,  but  t'roni  No.  12;î  on  it  has  l)een  lost  in  the  sections. 
The  yolk-sac  at  least  extended  through  thirty-l'our  and  |)rol)ably 
throuii'h  forty  sections,  hence  its  gréa  test  sagittal  chanieter  vvas  a  bout 
2Ô0  to  :'A)()  fl. 


#■ 


J''lG.    lU. 


Around  the  allantoid  stalk  (Sects.  10  to  '3)  where  its  niesoderm 
is  continuons  with  the  yolk-sac  mesoderra,  there  are  found  some 
solid  and  some  open  circular  masses  of  mesoderm  cells.  The  open 
rings  are  composed  of  thi'ce  to  five  mesoderm  cells  ;  the  solid  round 
or  oval  cords  contain  a  larger  number  of  cells.  Thèse  formations 
undoubtedly  represent  the  earliest  "anlage"  of  the  yolk-sac  blood 
vessels.  The  chorion  mesoderm  and  the  mesoderm,  where  it  extends 
somewhat  into  the  trophoblast,  do  not  yet  show  any  traces  of  blood- 
vessels. 

In  sections  9  to  12  there  is  an  opening  in  the  médian  sagittal 
plane  of  the  embryonic  shi(  Id.  Tliis  opening  is  perhaps  not  an 
artefact,  but  indicates  the  position  of  the  future  neurenteric  canal. 
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This  very  early  human  embryo  clearly  shows  that  the  hypothesis 
of  Spee,  Selenka,  and  Keibel  that  "  Blattumkehr  "  will  be  found  in 
the  human  embryo  is  correct,  and  borne  out  by  the  facts  as  described 
above. 

Selenka  (Biol.  Centralhl.,  2,  p.  552)  has  defined  "Blattumkehr" 
in  monkeys  as  follows  : 

"Der  Embryonalbezirks  .  .  .  ist  gezuungen  sich  .  .  .  im  In- 
nern  der  Keimblasse  einzustuelpen,  wobei  das  Entoderm  gur  kap- 
penartigen  Huelle  ausgeweitet  wird,  die  Keimblaetter  sind  daher  an 
dieser  Stelle  umgelagert,  umgekehrt,  invertirt." 


FlG.  11. 


In  our  embryo,  as  can  be  seen  so  well  in  the  cephaHc  sections. 
Nos.  5  to  8,  and  in  fact  in  ail  sections,  the  ectoderra  at  this  stage  is 
the  innermost,  the  entoderm  the  outermost  layer  of  the  embryonal 
shield.  The  question  arises,  Is  this  indeed  the  natural  position  or 
has  it  been  brought  abont  artificially  during  the  process  of  fixation 
and  hardening  ?  The  history  of  the  case  from  which  our  embryo  was 
obtained  clearly  shows  that  we  hâve  every  reason  to  be  convinced 
that  the  embryo  is  normal  and  free  from  any  material  post-mortem 
changes.  If  now  the  position  in  which  the  germ  layers  are  found 
would  be  due  to  a  post-mortem  artefact  we  would  expect  to  find 
what  is  now  the  innermost  cell  layer  of  the  ectoderm  in  a  crowded 
and  the  outermost  cell  layer  of  the  ectoderm  in  a  rarefied  condition, 
with  diastases  between  the  cells.     Such  a  condition  is  by  no  means 
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présent,  but  the  cells  of  the  ectoderm,  which  are  found  two  to  three 
layers  deep,  are  ail  arraiiged  very  natiirally  and  without  any  dis- 
tortion  at  ail.  But  there  is  another  and  still  more  convincing  proof 
of  the  natural  conditions  as  presented  in  the  sections.  It  can  be 
clearly  seen  in  sections  12  to  14  (photomicrographs,  Figs.  8  and  9) 
that  the  ectoderm  shield  of  the  embryo  is  too  large  to  be  crowded 
into  the  amniotic  cavity,  which  is  hère  very  small.  It  must  —  as  it 
does  —  turn  its  concavity  towards  the  small  amniotic  cavity,  and 
could  not,  if  in  a  convex  position,  he  crowded  into  the  amniotic  cav- 
ity. So  the  conditions  and  relations  towards  the  caudal  end  unmis- 
takably  and  beyond  doubt  show  that  the  arrangement  of  the  germ 
layers,  as  shown  in  the  sections  of  the  embryo,  must  hâve  been  prés- 
ent ante-mortem  and  cannot  possibly  be  a  post-mortem  artefact. 

Hence  it  can  now  be  considered  an  established  fact  that  "Blatt- 
umkehr"  occurs  in  the  human  embryo  at  such  an  early  stage  of 
development  as  is  represented  by  our  spécimen. 

The  mesoderm  of  the  chorion  présents  the  same  gênerai  ap- 
pearances  as  in  the  Peters  ovura,  including  the  formation  of  teat-like 
projections.  The  trophoblast  is  likewise,  on  the  whole,  the  same; 
if  différent  in  size  at  ail,  more  powerfully  developed. 

In  one  respect  the  ovum  under  discussion  differs  somewhat  from 
the  Peters  ovum.  It  is  not  covered  by  a  mushroom-like  blood  and 
fibrin  coagulum  (Peters'  Gewebspilz).  And  yet  it  is  not  entirely 
separated  by  a  complète  capsularis  from  the  utérine  cavity.  If  one 
studies  the  sections  before  the  trophoblast  is  reached,  one  sees  in  the 
mucosa  an  irregularly-round,  open  space,  surrounded  l)y  a  degener- 
ated  tissue,  composed  of  decidual  cells  and  fibrin,  and  filled  more  or 
less  with  blood.  It  is  clear  that  we  hâve  hère  a  canal  through  which 
the  ovum  lias  eaten  its  way  into  the  interior  of  the  mucosa.  Where 
the  trophoblast  shell,  but  not  yet  the  cavity  of  the  ovum  (exocœlom), 
is  first  seen  in  the  sériai  sections,  there  is  already  a  very  narrow  de- 
cidua  capsularis.  However,  we  then  again  meet  sections  where  the 
capsularis  is  partly  replaced  by  a  blood-fibrin  coagulinn.  One  can 
see  hère  and  there  how  the  thin  capsularis  has  been  damaged  by  the 
trophoblast,  and  how  the  latter  has  produced  hyaline  degeneration 
of  decidual  cells  and  a  deposit  of  fibrin.  In  examining  thèse  sections 
it  is  clear  that  the  ovum  has  eaten  its  way  obliquely  into  the  mucosa 
and  has  kept  in  its  course  very  near  the  surface. 

The  utérine  glands  in  the  neighborhood  of  the  ovum  exhibit  the 
picture  of  a  profound  endometritis  glandularis  hypertrophica.  The 
gland  spaces  are  enlarged,  the  basement  membrane  carrying  the 
epithelium  shows  papillary  septa  and  projections.  The  most  pro- 
found changes  are  found  in  the  glands  directly  under  the  ovum. 
Thèse  hâve  been  changed  to  thin-walled  cystic  spaces,  densely  filled 
with  blood,  which  frequently  shows  the  évidences  of  coagulation 
(fibrin  deposits).     At  some  distance  from  the  ovum,   towards   the 
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surface,  the  mucosa  begins  to  show  a  dift'erentiation  into  a  compacta, 
in  that  we  see  the  characteristic  more  soHd  septa  with  their  tortuous 
arteries.  Around  the  ovum  numerous  enlarged  gland  openings  are 
seen.  The  glanduhir  epithehum,  except  in  the  cystic  hemorrhagic 
glands,  is  generally  well  preserved.  > 

The  trophoblast  in  our  case  in  its  gênerai  appearance  and  arrange- 
ment is  like  the  same  structure  in  the  Peters  ovum.  The  same  cell 
masses,  the  same  type  of  cells,  the  same  arrangement  of  the  extensive 
material  blood  spaces  in  the  irregularly  honeycombed  trophoblast; 
the  syncytium  likewise,  on  the  whole,  is  as  described  and  depicted 
by  Peters.  However,  we  must  say  that  we  found  nowhere  any  changes 
or  formations  in  the  maternai  blood  or  in  the  syncytium  which  might 
possil)ly  suggest  that  the  former  takes  part  in  any  way,  shape,  or 
form  in  the  formation  of  the  latter. 

We  cannot  conclude  this  report  without  pointing  out  what  we 
might  call  the  pathologie  aspect  of  the  early  stages  of  placentation  in 
man.  The  prolifération  of  the  trophoblast,  the  manner  in  which  it 
invades  the  maternai  organism,  pushing  aside,  destroying,  and  chang- 
ing  maternai  tissue  éléments,  vascular  and  other  structures,  is  the 
exact  picture  of  malignant  tumor  prolifération,  while  the  reaction  of 
the  maternai  tissue,  taken  for  itself  alone,  reminds  one  forcibly  of  a 
profound  destructive  hemorrhagic  inflammation.  It  is  very  striking 
to  the  pathologist  to  behold  in  early  placentation  in  the  apparatus  and 
the  phenomcna  which  enable  the  young  ovum  to  anchor  and  implant 
itself  firmly  into  the  maternai  organism,  the  very  paradigma  of  two 
such  important  pathologie  processes  as  malignant  tumor  growth  and 
hemorrhagic  inflammation. 

The  term  trophoblast  lias  been  given  by  Hubrecht  to  the  extra- 
embryonic  ectoblast  shell  under  the  impression  that  it  had  to  do  a 
good  deal  with  the  nutrition  of  the  early  embryo.  We  doubt,  how- 
ever, that  this  is  the  case.  The  mass  of  the  trophoblast  in  our  case  is 
certainly  many  thousand  times  that  of  the  embryo.  It  does  not  stand 
to  reason  to  assume  that  nature  in  the  phylogenetic  development 
would  provide,  so  to  speak,  at  an  enormous  expense,  a  very  large 
apparatus  for  the  nutrition  of  a  very  small  embryo.  It  appears  more 
reaàonable  to  assume  that  the  trophoblast  with  its  great  proliferative 
energv,  which  we  hâve  likened  to  the  growth  of  a  maliefnant  tumor, 
lias  more  exclusively  the  function  to  provide  the  means  for  the  em- 
bryo to  safely  implant  itself  at  the  very  earliest  date  into  the  maternai 
tissues.  The  reaction  of  the  maternai  tissues  in  contact  with  the  pro- 
liferating  trophoblast  niust  not  be  looked  upon  as  due  to  mechanical 
causes  only,  but  to  the  fermentative  action  of  enzymes  secreted  by  the 
trophoblast  cells  and  diiïused  into  the  neighboring  maternai  tissues. 

When  the  above  paper,  illustrated  by  forty  lantern  slides,  was 
read  in  Boston,  Mass.,  August  20,  1907,  liefore  the  Section  on  Em- 
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brvoloiry  of  the  Seventh  International  Zoological  Congress,  Professer 
A.  A.  W.  Hubrecht,  the  chairman  of  the  section  in  the  discussion  of 
the  paper  called  attention  to  a  misconception  of  the  writer  as  to  cer- 
tain rehitions  of  the  amnion  and  yolk-sac  It  is  needless  to  say  that 
the  conception  of  Professor  Hubrecht  proved  to  be  the  correct  one. 
This  necessitated  on  the  part  of  the  author  a  careful  reëxamination 
of  the  sections  and  some  changes  in  the  lettering  of  the  drawino-s,  and 
also  some  changes  in  the  MS. 

Professor  C.  S.  jMinot  kindly  placed  at  my  disposai  his  laboratorv 
and  his  library  to  enable  me  to  make  the  necessary  reëxaminations 
and  changes.  To  him  as  also  to  Professor  F.  T.  Lewis,  I  am  under 
obligations  for  the  great  kindness  shown  on  this  occasion,  for  the  in- 
terest  taken  in  this  work,  and  for  assistance  extended  in  the  most 
obliging  manner. 


The  photomicrographs    illustrating   this   report   were   préparée!   under   my 
direction  by  Mr.  F.  T.  Harmon,  Chicago. 

FiG.  1.  —  From  a  section  outside  of  the  ovum,  showing  early  decidiial  changes, 

enlarged  glands,  and  gland  spaces  containing  blood.    Zeiss  Planar,  No.  2,  x  15 

diam. 
FiG.  2.  —  From  the  same  set  of  sections,  showing  a  septum  with  several  trans- 
verse cuts  of  a   tortuous   (corkscrew)  artery.     Zeiss  Apochr.,  16  mm.  Proj. 

occ,  No.  4,  X  100  diam. 
FiG.  3.  —  From  the  same  set  of  sections.     Showing  margin  of  mucosa  with  be- 

ginning  compacta  formation  and  surface  opening  of  gland.     Zeiss  Apochr., 

16  mm.    Proj.  occ.  No.  4,  x  100  diam. 
FiG.  4.  —  From  section  No.  252.     Showing  the  trophoblast  shell  to  the  outside 

of  the  chorionic  mesoderm.     Zeiss  Planar,  No.  2,  x  15  diam. 
FiG.  5.  —  From  section  No.  248.    Showing  trophoblast  shell,  with  its  syncytium, 

more  highly  magnified.     Zeiss  Apochr.,  16  mm.     Proj.  eye-piece,  No.  4,  x 

100  diam. 
FiG.  6.  —  Section  No.  190.    Showing  the  ovum  and  surrounding  decidua.     Zeiss 

Planar,  No.  2,  x  15  diam. 
FiG.  7.  —  Section  No.  153.     Showing  ovum  and  embryo,  the  latter  inserted  by 

the  allantoid  stalk  into  the  chorion.    Zeiss  Planar,  No.  1,  x  29  diam. 
FiG.  8.  —  Section  No.  153.     Showing  embryonic  shield  more  highly  magnified. 

Zeiss  Apochr.,  16  mm.     Comp.  occ.  No.  6,  x  160  diam. 
FiG.  9.  —  Section  No.  152.    Showing  embryonic  shield  and  the  duct  of  the  allan- 

tois  eut  transversely.    Zeiss  Apochr.,  16  mm.    Comp.  occ.  No.  6,  x  160  diam. 
FiG.  10.  —  Section   No.    158.     Showing  embryonic   shield  at  cephalic  portion. 

Zeiss  Apochr.,  16  mm.     Comp.  occ,  No.  6,  x  160  diam. 
FiG.   11. — Tracing  from  enlarged  photomicrograph  No.  7  with  diagrammatic 

indications  of  the  détails  : 


C.  A.     Cavity  of  amnion 

Tr.             Trophoblast 

S.  V.     Yolk-sac 

M.  B.  S.    Maternai  blood  sinus 

E.  S.      (Extod.)  Ectoderm  shield 

D.  C.          Decidua  capsularis 

of  Embryo 

Bl.  C.         Blood  coagulum  at  base  of  ovum 

AU.  S.  Allantoid  stalk 

F.               Strips  of  fibrin  with  leucocytes 
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LES  RELATIONS  ENTRE  LES  FAUNES  HÉMIPTÊRO- 
LOGIQUES  DE  L'EUROPE  ET  DE  L'AMÉRIQUE  DU 
NORD 

(Address) 

G.   IIORVATH 

Messieurs,  C'est  la  première  fois,  que  nous,  zoologistes  européens, 
grâce  à  ce  Septième  Congrès  International  de  Zoologie  avons  l'honneur 
de  saluer  nos  collègues  américains  sur  le  sol  du  Nouveau  ]\Ionde.  Et 
plus  particulièrement  nous,  entomologistes  européens,  saisissons  avec 
empressement  cette  occasion  pour  exprimer  nos  sincères  sympathies 
aux  dignes  successeurs  de  Say,  Harris,  Fitch,  Leconte,  G.  Horn,  Riley 
et  tous  les  illustres  etomologistes  américains  qui  ont  travaillé  dans 
cette  branche  de  la  zoologie,  qui  nous  est  chère. 

Dans  ma  propre  spécialité,  je  ne  saurais  présenter  à  cette  savante 
réunion,  un  sujet  plus  approprié  que  les  relations  existant  entre  les 
faunes  hémiptérologiques  de  l'Europe  et  de  l'Amérique  du  Nord. 
Ce  sujet  me  paraît  le  plus  convenable  en  cette  occasion,  car  il  peut 
intéresser  également  les  entomologistes  résidant  des  deux  côtés  de 
l'iVtlantique. 

On  a  remarqué  depuis  longtemps  la  grande  ressemblance  qui 
existe  entre  les  faunes  terrestres  de  l'Europe  et  de  l'Amérique  du  Nord  ; 
elle  a  été  signalée  déjà  par  les  premiers  auteurs  qui  se  sont  occupés 
de  la  faune  de  l'Amérique  septentrionale.  Cette  ressemblance  que  l'on 
retrouve  dans  tous  les  groupes  du  Règne  animal,  ne  reste  pas  limitée 
à  un  certain  parallélisme  de  genres  et  d'espèces  voisines,  mais  se  mani- 
feste souvent  par  la  présence  de  genres  et  même  d'espèces  absolument 
identiques. 

Grâce  aux  nombreux  travaux  publiés  jusqu'à  présent  sur  la  faune 
terrestre  de  l'Amérique  du  Nord,  on  peut  déjà  tenter  une  première 
étude  comparative  sur  ces  deux  faunes.  INIais  dans  une  semblable 
étude  on  ne  saurait  se  borner  uniquement  aux  travaux  et  aux  mémoires 
publiés,  il  faut  aussi  étudier  et  connaître  les  animaux  mêmes  dont  il 
s'agit.  Sans  une  étude  critique  des  types  communs  ou  réputés  tels  on 
arriverait  facilement  à  des  conclusions  erronées. 
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C'est  ainsi  que  les  auteurs  ont  décrit  comme  distinctes  beaucoup 
de  formes  américaines  reconnues  aujourd'luii  comme  ])arfaitement 
semblables  à  celles  d'Europe  et  que  d'autre  part  on  a  identifié  aux 
espèces  européennes  toute  une  série  d'espèces  américaines  (jui  sont  au 
contraire  réellement  bien  distinctes. 

Dans  les  recherches  que  j'ai  entreprises  sur  les  relations  entre 
les  faunes  hémiptérologiques  de  l'Europe  et  de  l'Amérique  du  Nord,  je 
ne  pouvais  donc  pas  me  contenter  des  indications  fournies  par  les 
travaux  publiés  sur  ces  deux  faunes,  et  j'ai  dîi  soumettre,  autant  que 
possible,  à  un  examen  cM-iticjue  et  sérieux  toutes  les  espèces  (jui  avaient 
été  signalées  comme  habitant  sur  les  deux  côtés  de  l'Atlantique,  ainsi 
que  toutes  les  formes  américaines  plus  ou  moins  rapprochées  de  celles 
(l'Europe. 

Pour  compléter  mon  travail,  j'ai  aussi  dû  soumettre  à  une  pareille 
étude  les  genres  communs  ou  réputés  communs  aux  deux  continents. 

Il  résulte  de  ces  recherches  que,  actuellement,  on  connaît  101 
espèces  et  261  genres  d'Hémiptères  européo-américains. 

Je  m'empresse  cependant  d'ajouter  que  ce  chiffre  ne  comprend 
pas  les  espèces  importées  accidentellement  d'un  continent  à  l'autre,  non 
plus  que  celles  vivant  sur  les  plantes  de  serres.  A  mon  avis,  les  espèces 
importées  accidentellement  ou  vivant  dans  les  serres  ne  sauraient  être 
considérées  comme  appartenant  réellement  à  la  faune  d'une  région  où 
elles  sont  incapables  de  s'acclimater  et  de  se  propager  dans  les  con- 
ditions naturelles  du  pays.  Elles  rentrent  îi  peu  près  dans  la  même 
catégorie  que  les  animaux  exotiques  conservés  dans  nos  jardins  zoo- 
logiques. 

Il  n'en  est  pas  de  même  pour  les  espèces  qui  ont  été  également 
importées  par  l'homme,' mais  cpii  se  sont  parfaitement  naturalisées 
dans  leur  patrie  nouvelle,  en  y  vivant,  s'y  multipliant  et  s'y  propageant 
dans  la  libre  nature.  Elles  sont  devenues  ainsi  des  membres  légitimes 
de  la  faune  du  pays  où  elles  ont  été  introduites. 

La  liste  des  Hémiptères  importés  d'Europe  dans  l'Amérique  du 
Nord  et  vice  versa  comprend  —  d'après  mes  recherches  —  à  peine  une 
trentaine  d'espèces,  savoir: 

Reduvius  personafus  L.  Aphis  pruui  Koch 

Clinocoris  leetularius  L.  Eriosoma  lanif/eruni  Hausm. 

Psyllia  pyricola  Frst.  Phi/llo.vera  vitifoliae  Fitch  {vastatrix 
Psyllia  huxi  L.  Planch.) 

Macrosiphum  rosae  L.  >  Pulvinaria  vifis  L. 

Macrosiphum  rubi  Kalt.  LicJdensia  viburni  Sign. 

Phorodon  humuli  Schrk.  Eulcccmium  pijri  Schrk. 

Myzus  cerasi  Fabr.  Eulccanmm  prunastri  Boy. 

Myzus  tetrarhoda  Walk.  Eulccanium  persicae  Fabr. 

Myzus  ribis  L.  Eulccanium  rihis  Fitch 

Aphis  brassicae  L.  Eulccanium  rugosum.  Sign. 

Aphis  mali  Fabr.  Eulccanium  bituberculatum  Targ. 
Aphis  sorbi  Kalt.  (malifoliae  Fitch)  Saissetia  oleae  Burm. 
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Diaspis  carueli  Targ.  Aspidiotus  britannicus  Newst. 

Aulacaspis  rosae  Bouché  Aspidiotus      hederae      Vall.      (nerii 

Pinnaspis  buxi  Bouché  Bouché) 

Epidiaspis  piricola  Guercio  Lepidosaphes  ulmi  L.  {pomorum  L.) 
Aspidiotus  ostreaejormis  Curt. 

En  examinant  cette  Hste,  deux  faits  peuvent,  au  premier  abord, 
attirer  notre  attention. 

On  remarquera  que  toutes  les  espèces  importées  —  sauf  nos  deux 
co-iocataires,  le  Réduve  masqué  {Rcduvius  personatus)  et  la  Punaise 
des  lits  (Clinocoris  Icctulariws)  —  sont  phytophages  et  vivent  sur  les 
plantes  cultivées  avec  lesquelles  elles  ont  été  transportées.  Elles  pré- 
sentent par  conséquent  un  grand  intérêt  au  point  de  vue  de  la  zoologie 
agricole  et  sont  plus  ou  moins  nuisibles. 

L'autre  fait  intéressant  que  l'on  peut  constater  aussi,  c'est  que 
l'Amérique  a  reçu  beaucoup  plus  d'espèces  de  l'Europe  que  celle-ci  de 
l'Amérique.  Les  Hémiptères  européens  importés  en  Amérique  at- 
teignent le  chiffre  de  31  espèces  tandis  que  l'Amérique  n'a  fourni  à 
l'Europe  que  deux  Aphidiens  nuisibles  qui  sont  le  Puceron  lanigère 
{Eriosoma  lanigerum)  et  le  Phylloxéra  de  la  vigne  {Phylloxéra 
vitijoliae). 

Il  est  encore  à  noter  que  les  Hémiptères  importés  appartiennent  — 
sauf  les  deux  carnassiers  susmentionnés  {Reduvius  personatus,  Clino- 
coris  Icctitlarius)  —  aux  Psyllides,  aux  Aphidiens  et  aux  Coccidiens, 
c'est  à  dire  à  trois  familles  dont  les  espèces  sont,  pendant  leur  existence, 
le  plus  étroitement  attachées  à  leur  plante  nourricière. 

Les  auteurs  américains  indiquent  ordinairement  un  plus  grand 
chiffre  pour  les  Hémiptères  importés  d'Europe.  La  raison  en  est, 
d'une  part,  qu'ils  y  ajoutent  aussi  les  espèces  vivant  dans  les  serres. 
D'autre  part  cjuelques  espèces  sont  considérées  comme  importées, 
uniquement  parcequ'elles  ont  été  découvertes  en  Amérique  plus  tard 
qu'en  Europe.  Cependant  il  est  impossible  d'admettre  que  les  Puce- 
rons européo-américains  qui  vivent  p.  ex.  sur  les  Céréales,  y  ont  été 
introduits  d'Europe  avec  les  grains.  C'est  le  même  cas  pour  les 
Aphidiens  et  les  Coccidiens  du  pois,  du  noyer,  du  noisetier  et  de 
toutes  les  plantes  qui  ont  été  introduites  d'un  continent  à  l'autre  sous 
forme  de  semences  et  non  sous  forme  de  boutures.' 

On  ne  peut  considérer  comme  importées  les  espèces  dont  les 
plantes  nourricières  n'ont  jamais  fait  l'objet  d'importations,  comme  le 

*  L' Eulecanium  robiniarum  Dougl.  décrit  de  l'Europe  et  si  répandu  dans 
quelques  pays  européens  (p.  ex.  en  Hongrie)  est  indiqué  dans  le  Catalogue  général 
des  Coccides  de  M.  E.  Fernald  comme  habitant  aussi  New  Mexico.  Il  est  cepen- 
dant de  toute  évidence  que  ce  Coccidien  n'est  pas  arrivé  en  Europe  avec  la  Robinia 
pseudoacacia  dont  l'importation  a  eu  lieu  au  moyen  des  graines.  C'est  bien  un 
insecte  d'origine  européenne  et  je  partage  tout  à  fait  l'opinion  de  Mr.  T.  D.  A. 
Cockerell  (The  Entomologist,  1902,  p.  178)  lorsqu'il  dit  que  l'espèce  signalée  sous 
le  nom  Eulecanium  robiniarum  du  sud-ouest  des  États-Unis  n'est  pas  identique  à 
l'espèce  de  Douglas. 
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saule,  l'ormeau  et  les  Conifères  d'Europe.  L'existence  simultanée  de 
ces  espèces  sur  les  deux  continents  me  paraît  devoir  être  expliquée 
d'une  autre  manière.     J'y  reviendrai  plus  tard. 

Il  est  souvent  bien  difficile,  sinon  impossible,  de  connaître  sûre- 
ment la  patrie  d'origine  d'une  espèce  importée  et  par  quelle  voie  elle 
est  arrivée  dans  son  nouvel  habitat.  Ainsi  il  paraît  que  l'Amérique  a 
reçu  très  indirectement  quelques  espèces  européennes,  comme  le  dit 
notre  excellent  collègue,  Mr.  L.  O.  Howard  {Scale  Inscds  of  the  Or- 
chard,  1895,  p.  262)  au  sujet  de  VAspidiotus  rapax  Comst.,  qui  lui 
paraît  originaire  de  l'Europe  méridionale,  et  qui  a  été  importé  aux 
États-Unis  non  directement  d'Europe,  mais  de  l'Australie  et  de  la 
Nouvelle-Zélande,  d'où  ce  Coccidien  nuisible  a  été  introduit  d'abord 
en  Californie  et  de  là  s'est  répandu  dans  les  autres  parties  des  États- 
Unis. 

On  trouve  parmi  les  Hémiptères  importés  5  espèces  dont  les  genres 
n'avaient  pas  de  représentants,  avant  leur  importation,  dans  le  con- 
tinent respectif.  C'est  ainsi  que  la  faune  de  l'Amérique  du  Nord  s'est 
enrichie  de  4  genres  de  Coccidiens  (Saissetia  Depl.,  Aulacaspis  Ckll., 
Pinnaspis  Ckll.,  Epidiaspis  Ckll.)  et  celle  de  l'Europe  d'un  genre 
d'Aphidiens  (Eriosoma  Sam.  =  Myzoxylus  Blot). 

Arrivons  maintenant  aux  Hémiptères  européo-américains  qui 
doivent  leur  existence  sur  les  deux  côtés  de  l'Océan  Atlantique, 
non  à  une  importation  artificielle,  mais  à  une  dispersion  naturelle. 

On  connaît  jusqu'à  présent,  comme  telles,  128  espèces  communes 
aux  deux  continents  ^  dont  59  Hétéroptères  ^  et  69  Homoptères  : 


HÉTÉROPTÈRES 


Sciocoris  microphthalmus  Flor 
Nezara  viridida  L. 
Zicrona  coerulea  L. 
Corizus  crassicornis  L. 
Corizus  hyalinus  Fabr. 
Nysius  thymi  Wolff 
Ni/sius  ericae  Schill. 
Ischnorhynchus  resedae  Panz. 
Ligyrocoris  sylvestris  L. 
Stygnocoris  rusticus  Fall. 
Sphragisticus  nehulosus  Fall. 
Scolopostethus  thomsoni  Reut. 
Aradus  crenatus  Say 
Aradus  lugubris  Fall. 
Aradus  cinnamomeus  Panz. 
Gerris  rufoscutellatus  Latr. 


Harpador  leucospilus  Stâl. 
Reduviolus  flavomarginatus  Scholz 
Reduviolus  limbatus  Dahlb. 
Reduviolus  capsiformis  Germ. 
Reduviolus  férus  L. 
Reduviolus  inscriptus  Kirby  (boreellus 

Reut.) 
Acanthia  littoralis  L. 
Acanthia  opacula  Zett. 
Acanthia  pallipes  Fabr. 
Acanthia  xanthochila  Fieb. 
Lyctocoris  campestris  Fabr. 
Xylocoris  galactinus  Fieb. 
Dufouriellus  ater  Duf. 
Stenodema  trispinosum  Reut. 
Stenodema  virens  L. 


^  Le  nombre  total  des  espèces  communes,  y  compris  les  importées,  est  de  161. 

'  Je  dois  remercier  cordialement  mon  ami,  le  Prof.  O.  M.  Reuter,  d'Helsing- 
fors,  qui  a  bien  voulu  me  si^aler  l'identité  de  plusieurs  Capsides  paléarctiques  et 
néarctiques. 
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Trigonotylus  rufîcornis  Geoffr. 
Trignottjlus  brevipes  Jak.  {tenuis 

Reut.) 
Teratocoris  herbaticus  Uhl. 
Teratocoris  saundersi  D.  S. 
Miris  dolabratus  L. 
Mirù  ferrugafus  Fall. 
Monalocoris  filicis  L. 
Calocoris  bipunctatus  Fabr. 
Stenoius  binotatus  Fabr. 
Lygus  pabulimis  L. 
Lijgiis  viridis  Fall. 
Lygus  apicalis  Fieb. 
Lygus  pratensis  L. 
Lygus  pastinacae  Fall.  {scutellatus 

Ùhl.) 


Lygus  rubicundus  Fall.  {pulverulen- 

tus  Uhl.) 
Poeciloscytus  unifasciatus  Fabr. 
Deraeocoris  niber  L. 
Capsus  ater  L. 
Pilophorus  clavatus  L. 
Orthotylus  cklorionis  Say 
Lopus  decolor  Fall. 
Psallus     ancorijer    Fieb.      (robustus 

Uhl.) 
Cklamydatus  pulicarius  Fall. 
Neocoris  bohemani  Fall. 
Campylomma  verbasci  H.-Sch. 
Notonecta  lutea  Miill. 
Corixa  germari  Fieb. 
Corixa  praeusta  Fieb. 


HOMOPTÈEES 


Alebra  aïbostriella  Fall. 
Cicadula  smaragduJa  Fall. 
Cicadula  flavescens  Fabr. 
Dicraneura  fieberi  Low. 
Empoa  rosae  L. 
Empoa  lethierryi  Edw. 
Empoa  ulmi  L. 
Empoa  tenerrima  H.-Sch. 
Baldutha  punctata  Fall. 
Macrostcles  fasciifrons  Stâl. 
Macrosteles  sexnotata  Fall. 
Macrostcles  pimctifrons  Fall. 
Macrosteles  variata  Fall. 
Limotettix  striola  Fall. 
Euscelis  striatula  Fall. 
Euscelis  obsoleta  Kirschb. 
Deltocephalus  abdoviinalis  Fabr. 
Deltocephalus  lividellus  Zett. 
Deltocephalus  pascuellus  Fall. 
Strongylocephalus  agrestis  Fall. 
Aphrodes  nervosus  Schrk. 
Aph rodes  albifrons  L. 
Aphrodes  fuscofasciatus  Goeze 
Aphrodes  riimlaris  Gerra. 
Euacanthus  acuminatus  Fabr.  (or- 

èito/i5  Fitch) 
Macropsis  virescens  Fabr. 
Philaenus  leucophthalmus  L.  (^pw- 

marius  auct.) 
Megamelus  notula  Germ. 
Liburnia  pellucida  Fabr. 


Liburnia  obscurella  Boh. 
Achorotïle  albosignata  Dahlb. 
Aphalara  calthae  L. 
Aphalara  exilis  Web.  Mohr. 
PsyUopsis  jraxinicola  Frst. 
Trioza  albiventris  Frst. 
Trioza  urticae  L. 
Macrosiphum  céréale  Kalt. 
Macrosiphum  granarium  Buckt. 
Macrosiphuvi  pisi  Kalt. 
Macrosiphum  sonchi  L. 
Rhopalosiphum  lactucae  Kalt. 
Rhopalosiphum  berberidis  Kalt. 
Myzus  coryli  Goeze 
Hyalopterus  arundinis  Fabr. 
Toxoptera  graminum  Rond. 
Aphis  cardui  L. 
Aphis  rumicis  L. 
Aphis  atriplicis  L. 
Aphis  medicaginis  Koch 
H yadaphis  joeniculi  Pass. 
Hyadaphis  padi  L.  (avenae  Fabr.) 
Pterocovima  populea  Kalt. 
Melanoxantherium  salicis  L. 
Chaitophorus  aceris  L. 
Callipterus  punctipennis  Zett 
Phyllaphis  fagi  L. 
Lachnus  viminalis  Boy. 
Anoecia  corni  Fabr. 
Tetraneura  gallarum  ulmi  De  Geer. 
Adelges  abieiis  L. 
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Orthezia  cataphracta  Shaw  Aspidiotus  abietis  Sclirk. 

Asterolecanium  qucrcicola  Bouché.  Gossy paria  spuria  INIodeer  {ulmi  L.) 

Asterolecanium  variolosum  llatzb.  Eulecanium  jiKjlandis  Bouché 

Kermès  (piercus  L.  Eulecanium  capreae  L. 
Eriopcltis  festucae  Boy. 

En  examinant  cette  liste,  on  remarque  que  la  grande  majorité  de 
ces  espèces,  appartient  à  la  faune  de  l'Europe  tempérée  ou  septentrio- 
nale.' Seulement  6  espèces  habitent  également  l'Europe  mériilioiiale 
et  les  parties  méridionales  des  États-Unis.  Je  parlerai  plus  tard  de 
celles-ci. 

Occupons  nous  d'abord  des  122  autres  espèces. 

Une  des  plus  intéressantes  questions  de  la  zoogéographie  consiste 
à  rechercher  l'explication  de  l'existence  simultanée  des  mêmes  espèces 
en  Europe  et  dans  l'Amérique  septentrionale.  L'importation  arti- 
ficielle de  toutes  ces  espèces  est  inaclmissible,  leur  propagation  ne  s'est 
donc  produite  que  par  la  voie  naturelle. 

Je  ne  veux  pas  exposer  et  discuter  ici  les  différentes  hypothèses 
qui  ont  été  émises  pour  expliquer  ce  phénomène.  Mais  il  me  paraît' 
bien  certain  que  nous  n'avons  nullement  besoin,  pour  le  comprendre, 
de  recourir  à  la  supposition  de  l'existence  d'un  ancien  continent  cpii 
aurait  relié  autrefois  l'Europe  et  l'Amérique  du  Nord.  L'hypothèse 
que  le  climat  des  régions  arctiques  était  autrefois  beaucoup  plus 
tempéré  et  que  la  dispersion  des  espèces  européo-américaines  s'est 
effectuée  par  l'intermédiaire  des  îles  boréales,  Islande  et  Groenland 
ne  me  paraît  pas  non  plus  nécessaire. 

La  répartition  géographique  actuelle  de  ces  espèces  peut  nous 
servir  de  guide  et  suffit,  je  crois,  pour  expliquer  leur  existence  simul- 
tanée en  Europe  et  en  Amérique.  Toutes  ces  espèces  communes,  ou  à 
peu  près  toutes,  habitent  non  seulement  l'Europe  et  l'Amérique  du 
Nord,  mais  aussi  l'Asie  septentrionale  ;  elles  sont  répandues  dans  toute 
la  région  paléarctique.  Cela  prouve  évidemment  que  leur  migration 
et  leur  échange  réciproque  n'a  pas  eu  lieu  par  l'Océan  Atlantique, 
mais  bien  par  le  détroit  de  Behring. 

Il  faut  avouer  qu'une  partie  de  ces  espèces  communes  n'a  pas 
encore  été  signalée  de  l'Asie  septentrionale;  mais  il  n'y  a  nul  doute 
que  lorsque  la  Sibérie  sera  mieux  explorée,  on  les  y  découvrira  égale- 
ment. 

La  supposition  d'une  telle  migration  par  le  détroit  de  Behring  — 
qui  se  fait  peut-être  encore  de  nos  jours  —  est  confirmée  aussi  par  le 
fait  que  quelques  espèces  paléarctiques  {Harpactor  lexicospilus  Stâl, 
Sienodema  virens  Fall.,  Miris  ferrugatus  Fall.,  Notoncda  lutea  Miill., 
Macrosteles  fasciifrons  Stâl,  Pterocomma  populea  Kalt.)  n'ont  été 
trouvées  jusqu'à  présent  que  dans  l'extrême  nord-ouest  de  l'Amérique 

'  Le  même  fait  a  été  constaté  pour  les  Coléoptères  européo-américains  par  M. 
A.  Fauvel.    (Revue  d'Entomologie,  VIII.,  1889,  p.  172.) 
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septentrionale.^  D'autre  part  le  Galeatus  peckhami  Ashm.,  espèce 
néarctique,  n'a  pénétré  dans  la  région  paléarctique  que  jusqu'au 
Japon.  Le  Stenodema  trispiiwsum  Reut.  qui  habite  l'Amérique  du 
Nord  et  toute  l'Asie  septentrionale,  n'a  été  observé  en  Europe  qu'en 
Russie.  Il  y  a  aussi  quelques  espèces  dont  l'aire  de  dispersion  est 
limitée  à  l'extrême  nord-ouest  de  l'Amérique  et  à  l'extrême  nord-est 
de  l'Asie  ;  telles  sont  :  Irhisia  sericans  Stâl,  Cicadula  (Chlorita)  pura 
Stâl,  Dicraiieura  carneola  Stâl  et  Empoa  commis  sur  alis  St^l. 

Cependant  les  espèces  européennes:  Deltocephalus  lividellus  Zett., 
Callipterus  punctipenitis  Zett.  et  Orthezia  cataphracta  Shaw  ne  sont 
connues  du  Nouveau  Monde  qu'au  Groenland;  et,  le  Teratocoris 
herbaticus  Uhl.,  espèce  nordaméricaine,  vient  d'être  découvert  dans  la 
Norvège  arctique,  et  a  priori  ces  constatations  sembleraient  en  con- 
tradiction avec  l'idée  d'une  migration  par  le  détroit  de  Behring. 
Mais  pour  ma  part  j'ai  la  conviction  que  toutes  ces  espèces  habitent 
aussi  les  parties  septentrionales  de  l'Ajnérique  et  la  Sibérie  et  qu'on 
les  y  découvrira  certainement  un  jour. 

Il  est  fort  difficile  et  souvent  impossible  de  décider  dans  le  nombre 
des  espèces  européo-americaines  quelles  sont  celles  d'origine  palé- 
arctique et  celles  d'origine  américaine.  On  est  autorisé  cependant 
à  dire  que  la  plus  grande  partie  des  espèces  communes  est  d'origine 
paléarctique. 

Cette  manière  de  voir  est  confirmée  du  reste  aussi  par  l'étude  des 
genres  européo-americains  communs. 

C'est  un  axiome,  en  zoogéographie,  que  le  centre  de  dispersion 
d'un  type  zoologique  terrestre  doit  être  recherché  sur  le  point  du  globe 
où  il  présente  le  plus  grand  nombre  d'espèces. 

Si  on  examine,  à  ce  point  de  vue,  les  genres  autochthones  com- 
muns à  l'Europe  et  à  l'Ajnérique,  —  à  l'exclusion  des  5  genres  impor- 
tés par  l'homme  —  on  peut  les  grouper  comme  suit  : 

I.    Genres  de  la  faune  paléarctique 

Odontoseelis  Lap.  Ceraleptus  Costa 

Phimodera  Germ.  Coriomeris  Westw. 

Eurygaster  Lap.  Berytus  Fabr.  (Neides  auct.) 

Sehirus  Am.  Serv.  Lygaeosoma  Spin. 

Sciocoris  Fall.  Cymus  Hahn 

Aelia  Fabr.  Blissus  Burm. 

Neottiglossa  Curt.  Geocoris  Fall. 

Peribalus  Muls.  Rey  Heterogaster  Schill. 

Carpocoris  Ko.  Pterotmetus  Am.  Serv. 

Rhacognathus  Fieb.  Stygnocoris  Dougl.  Scott. 

Elasmueha  Stâl  Peritrechus  Fieb. 

'  Stâl  (Stett.  Ent.  Zeit.,  1858,  p.  197)  a  signalé  encore  la  Cercopis  corticea 
Germ.  de  l'île  de  Sitka;  mais  il  faudrait  examiner  son  insecte  pour  voir  si  c'est 
réellement  cette  espèce  ou  peut-être  une  espèce  américaine  ou  une  des  espèces 
décrites  récemment  du  Japon. 
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Trapezonotus  Fieb. 

Aphanus  Lap.  (Calyptonotus  Stâl) 

Embletliis  Fieb. 

Eremocoris  Fieb. 

Drymus  Fieb. 

Scolopostethus  Fieb. 

Gastrodes  Westw, 

Piesma  Lep.  Serv, 

Acalypta  Westw. 

Galeatus  Curt. 

Physatocheila  Fieb. 

Monanthia  Lep.  Serv. 

Aradus  Fabr. 

Ploiariola  Reut. 

Ploiaria  Scop. 

Reduvius  Fabr. 

Acanthia  Fabr.  (Salda  Fabr.) 

Xylocoris  Duf.  (Piezostethus  Fieb.) 

Anthocoris  Fall. 

Triphleps  Fieb. 

Scoloposcelis  Fieb. 

Stenodema  Lap.  (Miris  auct.) 

Trigonotylus  Fieb. 

Teratocoris  Fieb. 

Pytocoris  Fall. 

Adelphocoris  Reut. 

Calocoris  Fieb. 

Pyenopterna  Fieb. 

Dichrooscytus  Fieb. 

Poeciloscytus  Fieb. 

Polymerus  Hahn 

Camptobrochis  Fieb. 

Deraeocoris  Stâl 

Capsus  Fabr.  (Rhopalotomus  Fieb.) 

Labops  Burin. 

Halticus  Hahn 

Macrolophus  Fieb. 

Dicyphus  Fieb. 

Cyrtorhinus  Fieb. 

Orthotylus  Fieb.  (Diommatus  UJil.) 

Heterocordylus  Fieb. 

Macrotylus  Fieb. 

Psallus  Fieb. 

Atractotomus  Fieb. 

Plagiognathus  Fieb. 

Atomoscelis  Reut. 

Chlamydatus  Curt. 

Neoeoris  Dougl.  Scott 

Campylomma  Reut. 

Sthenarus  Fieb. 

Myiomma  Put.  (Heidemannia  Uhl.) 


Nepa  L. 

Corixa  Geoffr. 

Dicraneura  Hardy 

Eupteryx  Curt.  (Typhlocyba  Germ.) 

Erapoa  Fitch  (Typhlocyba  auct.) 

Erythroneura  Fitch  (Zygina  Fieb.) 

Balclutha  Kirk.  (Gnathodus  Fieb.) 

Macrosteles  Fieb.  (Cicadula  auct.) 

Thamnotettix  Zett. 

Limotettix  Sahlb. 

Euscelis  Brull.  (Athysanus  Burm.) 

Goniagnathus  Fieb. 

Jassus  Fabr.  (AUygus  Fieb.) 

Aconura  Leth. 

Deltocephalus  Burm. 

Platymetopius  Burm. 

Parabolocratus  Fieb. 

Strongyîocephalus  Flor. 

Aphrodes  Curt.  (Acocephalus  Burm.) 

Euacanthus  Lep.  Serv. 

Penthimia  Germ. 

Idiocerus  Lewis 

Oncopsis  Burm.  (Bythoscopus  auct.) 

JVIacropsis  Lewis  (Pediopsis  Burm.) 

Philaenus  Stâl 

Cercopis  Fabr.  (Aphrophora  Germ.) 

Tibicen  Latr. 

Cicadetta  Kol. 

Cixius  Latr. 

Oliarus  Stâl 

Issus  Fabr. 

Hysteropterum  Am.  Serv. 

KeUsia  Fieb. 

Liburnia  Stâl 

Achorotile  Fieb. 

Stiroma  Fieb. 

Livia  Latr. 

Euphyllura  Frst. 

Aphalara  Frst. 

Psyllopsis  Low 

Psyllia  Kirk.  (Psylla  auct.) 

Trioza  Frst. 

Macrosiphum  Pass.    (Siphonophora 

Koch) 
Drepanosiphum  Koch 
Phorodon  Pass. 
Rhopalosiphum  Koch 
Myzus  Pass. 
Hyalopterus  Koch 
Aphis  L. 
Hyadaphis  Kirk.  (Siphocoryne  Pass.) 
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PterocommaBuckt.(CladobiusKoch)  Phenacoccus    Ckll.    (Pseudecoccus 

Chaitopliorus  Koch  Sign.) 

Sipha  rass.  Eriopeltis  Sign. 

Callipterus  Koch  Lecanopsis  Targ. 

Lachnus  Burm.  Aclerda  Sign. 

Schizoneura  Hart.  Diaspis  Costa 

Tetraneura  Hart.  Leucaspis  Targ. 

ByrsocryptaHalid.  (Pemphigus  Hart.)  =  138  genres. 

Adelges  Vall.  (Chermes  Pass.) 


n.    Genres  de  la  faune  néarctique 


Chloroehroa  Stâl 

Alydus  Fabr. 

Ligyrocoris  Stâl 

Cyrtopeltis  Fieb.  (Engytatus  Reut.) 

Notoneeta  L. 

Alebra  Fieb. 

Cieadula   Zett.    (Empoasca    Walsh, 

Chlorita  Fieb.) 
Phlepsius  Fieb. 
Dorycephalus  Kusch. 
Errhomenellus  Put. 
Bythoscopus  Germ.  (Macropsis  auct.) 
Agallia  Curt. 
Paropulopa  Fieb. 
Lepyronia  Am.  Serv. 
Myndus  Stâl 
Helicoptera  Am.  Serv. 


Megamelus  Fieb. 
Calophya  Low 
Phyllaphis  Koch 
Anoecia  Koch 
Phylloxéra  Boy. 
Aleyrodes  Latr. 
Orthezia  Bosc 
Lecanodiaspis  Targ. 
Kermès  Boit. 
Ceroputo  Suie 
Ripersia  Sign. 
Antonina  Sign. 
Eulecanium  Ckll. 
Physokermes  Targ. 
Targionia  Sign. 


=  31  genres. 


ni.    Genres  de  la  faune  holarctique 


Zicrona  Am.  Serv. 

Cymodema  Spin. 

Sphragisticus  Stâl 

Dufouriellus  Kirk.  (Xylocoris  auct.) 

Miris  Fabr.  (Leptopterna  Fieb.) 

Monalocoris  Dahlb. 

Pilophorus  Hahn 

Hyoidea  Reut. 

Mecomma  Fieb, 

Reuteria  Put.^ 


Lopus  Hahn  (Onychumenus  Reut.) 

Paramesus  Fieb. 

Aphelonema  Uhl. 

Stenocranus  Fieb. 

Nectarosiphon  Schout.      (Macrosi- 

phum  Oestl.) 
Toxoptera  Koch 
Melanoxantherium  Schout.      (Me- 

lanoxanthus  Buckt.) 
Colopha  Monell 


*  Le  Malacocoris  irroratus  Say  d'Amérique  est  une  espèce  du  genre  Reuteria 
Put.  et  M.  le  Prof.  O.  M.  Reuter  m'informe  qu'elle  serait  même  tout  à  fait  iden- 
tique à  R.  Marqueti  Put.  d'Europe.  Mais  je  dois  remarquer  que  l'espèce  améri- 
caine, assez  commune  aux  Etats-Unis  sur  diverses  plantes,  y  vit  à  l'état  larvaire 
d'après  M.  O.  Heidemann  (Proc.  Ent.  Soc.  Washington,  IL,  1892,  p.  226)  exclusive- 
ment sur  le  Bouleau  noir  {Betida  nigra)  tandis  que  l'espèce  européenne  se  prend 
sur  les  chênes.  Cet  insecte,  en  passant  d'un  continent  à  l'autre,  aurait-il  donc 
changé  sa  plante  nourricière?  Il  y  a  cependant  assez  de  chênes  en  Amérique  et  les 
bouleaux  ne  manquent  pas  en  Europe. 
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Geoica  Hart. 
Hamamelistes  Shim. 
Xylococcus  Low 


IV. 


Thyreocoris  Schrk 

White) 
Podisus  H.-Sch. 
Ischnorhynchus  Fieb 
Ischnodemus  Fieb. 
Phymata  Latr. 
Aneurus  Curt. 
Microvelia  Westw. 


Genres  de  le 
(Corimelaena 


Trionymus  Berg  (Westwoodia  Sign.) 

Exaeretopus  Newst. 

=  23  genres. 

FAUNE   NÉOTROPICALE 

Velia  Lutr. 

Lyctocoris  Hahn 

Cardiastethus  Fieb. 

Fulvius  Stâl 

Ochterus  Latr.  (Pelogonus  Latr.) 

Lichtensia  Sign. 

=  13  genres. 


V. 

Scotinophara  Stâl 
Eusarcoris  Hahn 
Ranatra  Fabr. 


Genres  de  la  faune  orientale 

Coecus  L. 
Parlatoria  Targ. 


=  5  genres. 


VL    Genres  de  la  faune  éthiopienne 

Geotomus  Muls.  Rey 
Mecidea  Dali. 


Oxycarenus  Fieb. 
Harpaetor  Lap. 


^  =  4  genres. 

VIL    Genres  de  la  faune  intertropicale 

Nezara  Am.  Serv.  Oncocephalus  Klug 

Lygaeus  Fabr.  Amorgius  Stâl  (Belostoma  auct.) 

Paromius  Fieb.  Hecalus  Stâl 

Mezira  Am.  Serv.  (Brachyrhynehus  Cicada  L. 

Lap.)  Lamenia  Stâl 

Calisius  Stâl  Ceroplastes  Gray 
Henicocephalus  Westw. 


=  12  genres. 


VIII.    Genres  cosmopolites 


Aethus  Dali.  (Cydnus  auct.) 

Megalotomus  Fieb. 

Corizus  Fall. 

Nysius  Dali. 

Pâmera  Say 

Hebrus  Curt. 

Hydrometra  Latr. 

Gerris  Fabr. 

Pygolampis  Germ. 

Reduviolus  Kirby  (Nabis  auct.) 

Megacoelum  Fieb. 

Lygus  Hahn 

Plea  Leach 


Tettigoniella  Jac.  (Tettigonia  auct.) 
Tomaspis    Am.    Serv.    (Triecphora 

Am.  Serv.) 
Asterolecanium  Targ. 
Eriococcus  Targ. 
Pseudococcus  Westw. 
Pulvinaria  Targ. 
Chionaspis  Sign. 
Aspidiotus  Bouché 
Lepidosaphes     Shimer     (Mytilaspis 

Sign.) 

=  22  genres. 


570        Vn.  INTERNATIONAL  ZOÔLOGICAL  CONGRESS 

IX.    Genres  d'origine  incertaine 

Piezodorus  Fieb.  Margarodes  Guild.  (Porphyrophora 
Mesovelia  Muls.  Rey  Brandt) 

Ceratocombus  Sign.  Rhizococcus  Sign. 

Stenotus  Jak.  Gossyparia  Sign. 

Palaeococcus  Ckll.  =  g  genres. 

Les  genres  paléarctiqiies  sont  donc  en  prédominance  sur  tous  les 
autres,  comme  le  sont  aussi  les  espèces  paléarctiques  sur  les  autres 
espèces  communes  aux  deux  continents. 

Les  genres  originaires  de  la  faune  néarctique  sont  moins  nombreux 
et  à  peine  le  quart  de  genres  paléarctiques.  En  général,  la  migration 
des  genres  américains  dans  l'Ancien  Continent  paraît  s'être  effectuée 
d'une  manière  moins  facile  que  celle  des  genres  paléarctiques  dans 
l'Amérique  septentrionale.  Il  y  a  quelques  genres  américains  qui  n'ont 
de  représentants  que  dans  l'Asie  orientale  sans  pénétrer  plus  loin 
dans  la  région  paléarctique.  Tels  sont  les  genres  :  Pachygrontha  Stâl, 
Ptochiomera  Say,  Lygidea  Reut.,  Irbisia  Stâl,  Eutettix  Van  D.,  Sca- 
phoideus  Ulil.  et  Xestocephalus  Van  D. 

J'ai  réuni  sous  le  nom  de  genres  holarctiques  tous  ceux  qui  habi- 
tent l'hémisphère  septentrional  et  sont  représentés  dans  les  régions 
paléarctique  et  néarctique  par  un  égal  nombre  d'espèces,  ce  qui  rend 
impossible  d'indiquer  leur  centre  de  dispersion.  Mais  il  est  incon- 
testable que  la  voie  de  leur  migration  était  également  le  détroit  de 
Behring. 

Les  genres  que  j'avais  indiqués  comme  originaires  des  faunes 
orientale  et  éthiopienne,  ont  pénétré  d'abord  dans  la  région  palé- 
arctique d'où  ils  ont  envoyé,  par  le  détroit  de  Behring,  leurs  repré- 
sentants dans  le  Nouveau  Monde. 

Il  en  est  de  même  pour  les  genres  originaires  de  la  faune  néotro- 
picale dont  les  espèces  ont  rayonné  sur  la  région  néarctique  et  de  là 
sur  la  région  paléarctique.  Le  genre  Thyreocoris  en  fournit  un  très 
bon  exemple.  Ce  genre  est  représenté  dans  la  région  néotropicale  par 
31  espèces  et  dans  la  région  néarctique  par  14  espèces  tandis  que  dans 
la  grande  région  paléarctique  on  n'en  trouve  que  2  espèces. 

En  ce  qui  concerne  les  genres  de  la  zôné  intertropicale,  leur  ori- 
gine et  leur  dispersion  n'est  pas  en  rapport  direct  avec  la  question  qui 
nous  occupe.  Il  suffit  pour  nous  de  constater  que  les  régions  palé- 
arctique et  néarctique  ont  reçu  les  représentants  de  ces  genres  directe- 
ment, c'est  à  dire  que  la  région  paléarctique  les  a  reçus  de  l'Afrique 
et  de  l'Asie  tropicales;  et,  l'Amérique  du  Nord  de  la  région  néotro- 
picale. 

Il  en  est  de  même  pour  les  6  espèces  européo-américaines  que 
l'on  trouve  dans  l'Europe  méridionale  et  dans  le  midi  des  États-Unis 
dont  j'ai  déjà  fait  mention.  Cinq  espèces:  Nezara  viridula  L., 
Corizus  hyalinus  F ahr.,  Reduviolus  capsiformis  Germ.,    Trigonotylus 
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brevipes  Jak.  {tenuis  Reut.)  et  Lygus  apicalis  Fieb.  habitent  non 
seulement  l'Europe  et  l'Amérique  du  Nord,  mais  sont  aussi  répandues 
dans  toute  la  zone  intertropicale  de  l'Afrique,  de  l'Asie  et  de  l'Amé- 
rique. Les  faunes  paléarctique  et  néarctique  ne  les  ont  pas  reçus  l'une 
de  l'autre,  mais  indépendamment  et  directement  des  régions  tropicales 
qui  en  sont  les  plus  rapprochées.  La  sixième  espèce,  Psallus  aiicorifer 
Fieb.  {rohustus  Uhl.),  n'est  connue  jusqu'à  présent  que  de  l'Europe 
méridionale,  du  nord  de  l'Afrique  et  des  parties  méridionales  des 
États-Unis,  mais  je  pense  que  son  aire  géographique  doit  être  plus 
vaste  et  s'étend  probablement  aussi  sur  l'Asie  méridionale. 

L'origine  des  genres  cosmopolites  et  de  quelques  autres  genres 
représentés  sur  différents  points  du  globe  par  des  espèces  isolées,  n'est 
pas  à  élucider  pour  le  moment  et  reste  encore  douteuse. 

Cependant  la  statistique  précédente  nous  permet  de  constater  que 
214  genres,  c'est  à  dire  83.59%  des  genres  communs  à  l'Europe  et  à 
l'Amérique  du  Nord  ont  effectué  leur  migration  par  le  détroit  de 
Behring  tandis  qu'il  n'y  a  que  12  genres  communs,  c'est  à  dire  4.68% 
qui  aient  pénétré  dans  les  deux  continents  directement  des  régions 
méridionales  limitrophes.  Cela  démontre  suffisamment  le  rôle  im- 
portant que  le  détroit  de  Behring  joue  dans  la  migration  et  la  disper- 
sion des  animaux  terrestres. 

De  ces  recherches  on  peut  déduire  les  conclusions  suivantes  : 

1°  Il  existe  un  certain  nombre  d'espèces  et  de  genres  d'Hémiptères 
qui  sont  communs  à  l'Europe  et  à  l'Amérique  du  Nord. 

2°  La  grande  majorité  de  ces  Hémiptères  communs  est  originaire 
de  la  faune  paléarctique  et  appartient  à  la  zone  tempérée. 

3°  La  migration  de  ces  Hémiptères  a  eu  lieu  en  grande  partie 
par  le  détroit  de  Behring. 

4°  Les  quelques  types  méridionaux  qui  sont  communs  aux  deux 
continents,  sont  originaires  des  régions  intertropicales  d'où  ils  sont 
venus  indépendamment  enrichir  les  faunes  paléarctique  et  néarctique. 

5°  L'importation  artificielle  ne  joue  qu'un  rôle  secondaire  dans  la 
propagation  des  Hémiptères  européo-americains  ;  mais  c'est  l'Europe 
qui  a  fourni  à  l'Amérique,  avec  les  plantes  cultivées,  plus  d'espèces  que 
celle-ci  n'en  a  procuré  à  l'Europe. 

Voilà,  Messieurs,  les  résultats  de  mes  recherches  sur  les  relations 
qui  existent  entre  les  faunes  hémiptérologiques  de  l'Europe  et  de 
l'Amérique  du  Nord.  Je  vous  engage  à  faire  aussi  dans  les  autres 
ordres  d'Insectes  et  dans  les  autres  classes  d'Arthropodes  des  investi- 
gations analogues  qui  permettront  de  confirmer,  modifier  ou  rectifier 
les  conclusions  générales  que  j'ai  eu  l'honneur  de  vous  exposer. 


THE  RECENT  PROGRESS  AND  PRESENT  CONDITIONS 
OF   ECONOMIC   ENTOMOLOGY 

(Addbess) 

L.  O.  HOWARD 

FiFTY  years  ago,  or  even  less,  a  very  satisfactory  and  comprehen- 
sive  text-book  or  manual  of  économie  zoôlogy  eould  hâve  been  con- 
tained  within  the  covers  of  a  single  volume  of  reasonable  size.  So 
great  hâve  been  the  advances,  however,  of  late  years,  that  the  books 
and  pamphlets  published  would  in  themselves  make  a  small-sized 
library.  The  whole  civilized  world  has  contributed  to  the  advance 
of  économie  zoôlogy,  and  in  its  many  directions  it  has  greatly  improved 
the  condition  of  the  human  species. 

It  seems  to  be  generally  aclcnowledged  that  the  greatest  strides 
in  one  of  its  branches,  namely,  économie  entomology,  hâve  been  made 
in  America,  and  therefore  it  has  been  thought  appropriate  at  this 
American  meeting  to  choose  an  économie  entomologist  to  give  the 
principal  address,  and  to  take  économie  entomology  as  his  particular 
subject. 

Thirteen  years  ago,  in  Augiist,  LS94,  the  présent  speaker  delivered 
an  address  as  retiring  président  of  the  Association  of  Economie  En- 
tomologists,  in  which  he  took  as  his  subject,  The  Rise  and  Présent 
Condition  of  Officiai  Economie  Entomology.  In  this  address  (pub- 
lished in  Insect  Life,  volume  7,  pages  55  to  lOS)  the  early  history  of 
the  warfare  against  insects  was  briefly  discussed,  the  progress  through 
the  entire  world  was  described,  and  the  condition  at  that  time  in  the 
différent  European  countries,  in  the  United  States  and  Canada,  in 
South  America,  India,  South  Africa,  Australia,  New  Zealand  and  the 
then  Hawaiian  Republic,  was  given. 

In  the  light  of  the  progress  of  the  last  thirteen  years  it  is  interest- 
ing  to  read  that  address.  At  the  time  when  it  was  written  it  was 
rather  a  surprise  to  those  who  read  it,  to  see,  when  ail  the  facts  were 
brought  together,  what  an  important  subject  économie  entomology 
had  grown  to  be,  but  from  even  this  short  distance  of  time  it  is  safe 
to  say  that  it  was  then  in  its  infancy,  and  perhaps  it  is  even  now  in 
its  infancy  —  who  can  tell  ? 

The  closing  words  of  the  address  were  as  follows  : 

We  hâve  then  donc  good  work  ;  we  hâve  accomplished  results  which 
hâve  added  greatly  to  the  productive  wealth  of  the  world  ;  we  hâve  justi- 
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fied  our  existence  as  a  class  (remember  that  thc  suhject  was  "0/Jlcial 
Economie  Entouioîo<ïy").  We  are  now  better  ecjuippcd  for  tlie  prosccu- 
tion  of  our  work  tlian  ever  before,  and  it  nuiy  coniideiitly  be  expected  tliat 
the  results  of  tlie  elosing  years  of  the  century  will  firnily  fix  tlu'  iin])ortance 
of  économie  entomology  in  the  minds  of  ail  thinking  nien  of  ail  countries. 

This  prédiction  bas  been  more  tban  justified.  Up  to  bS04,  the 
great  features  in  this  practical  work  had  been  the  invasion  of  Europe 
by  the  grape-vine  Phylloxéra  and  the  work  done  against  tins  destruc- 
tive créature  by  American  and  European  scientiHc  men  ;  the  work 
done  by  the  différent  countries  against  locust  invasions,  the  work  done 
by  the  différent  States  of  the  United  States,  and  by  the  gênerai  govern- 
ment,  ag<iinst  many  species  of  injurious  insects,  notably  the  cotton 
Caterpillar,  of  the  south,  and  the  very  remarkable  work  carried  on 
bv  the  State  of  Massachusetts,  which  had  then  been  in  opération  with 
increasing  appropriations  from  the  State  for  four  yeans  (at  that  time 
$325,000  had  been  spent),  and  in  the  address  just  cited  it  was  called 
"one  of  the  most  remarkable  pièces  of  work,  judged  by  residts,  which 
has  yet  been  done  in  économie  entomology." 

At  that  time  the  San  José  scale  had  just  been  discovered  in  eastern 
United  States.  It  was  known  only  in  a  few  localities,  and  the  dis- 
covery  that  it  had  been  disseminated  far  and  wide  through  nurseries 
had  not  yet  been  made.  The  tremendous  effect  of  the  spread  of  this 
most  injurious  species  upon  the  popular  estimation  of  the  value  of 
entomological  knowledge  can  hardly  be  overestimated.  This  spread 
alone  is  responsible,  probably,  for  more  législation  in  this  country, 
and  in  other  countries,'  than  ail  the  other  features  of  entomology  com- 
bined  —  State  after  State  on  this  side  of  the  water  has  passed  rigid 
laws,  and  country  after  country  has  issued  decrees  and  passed  laws 
concerning  commerce  in  plants,  ail  of  them,  nearly,  of  broad  bcar- 
ing  and  great  importance,  but  ail  of  them  also  incited  by  the  danger- 
ous  habits  of  this  pest.  The  San  José  scale  literature  published  in 
thèse  last  thirteen  years  covers  hundreds  of  thousands  of  pages,  and 
hundreds  of  thousands  of  dollars  hâve  been  lost  through  its  work, 
but  through  the  opération  of  state  laws  many  entomoiogists  hâve  been 
employed,  and  through  their  work  millions  of  dollars  hâve  been 
saved. 

Although  in  1S94  the  discovery  had  already  been  made  by  Smith, 
Kilborne  and  Salmon,  that  the  Texas  fever  in  cattle  is  carried  by  a 
tick,  and  although  Lavera n  had  already  made  the  discovery  that  the 
causative  organism  of  malaria  is  a  protozoan  of  like  habits,  inhabit- 
ing  the  red  blood  corpuscles,  the  life  history  of  this  protozoan  had 
not  been  made  out,  and  the  ail-important  discovery  of  Ross,  that  its 
primary  host  is  a  mosquito,  had  not  been  made. 

\\Tien  we  consider  the  now  generally  recognized  importance  of 
insects  as  carriers  of  certain  diseases  of  men  and  animais  we  realize 
that  the  discoveries  of  the  thirteen  years  under  considération  hâve 
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been  vital  to  the  welfare  of  humanity,  and  that  possibly  we  are  as 
yet  only  on  the  threshold  of  discoveries  which  will  prolong  Ufe  and 
will  conduce  to  added  happiness  of  millions  yet  unborn. 

The  ticks  and  the  mosquitoes  of  the  gênera  Anophèles  and  Ste- 
gomyia,  and  many  other  biting  flies,  fleas,  the  common  house  fly,  the 
bed  bug  and  presumably  other  insects,  are  now  recognized  not  only  as 
nuisances,  but  as  most  serious  menaces  to  health,  and  measures  for  the 
control  of  nearly  ail  of  them  are  becommg  well  understood,  and  ail 
of  this  has  corne  about  in  the  past  eight  years.  The  enormous  San 
José  scale  literature  referred  to  in  a  previous  paragraph  is  exceeded 
by  the  literature  of  this  subject.  Not  only  hâve  popular  journals  and 
scientific  transactions  been  filled  with  articles  dealing  with  thèse  dis- 
coveries, but  books  hâve  been  written,  and  médical  journals  hâve 
been  crowded  with  announcements  of  discoveries  bearing  upon  this 
Une  of  investigation. 

Hère,  économie  entomology  has  touched  a  new  side  of  human 
interest  ;  it  is  the  health  of  man  and  not  the  préservation  of  his  prop- 
erty  that  is  concerned,  and  the  interest  has  been  a  more  vital  one. 
The  prime  investigators,  it  is  true,  hâve  been  médical  men,  but  the 
économie  entomologists  hâve  done  their  full  and  most  important 
share,  and  it  has  only  been  by  the  combination  of  the  labor  of  both 
classes  of  workers  that  the  présent  results  hâve  been  achieved. 

In  both  of  thèse  last  two  developments  of  this  period  —  namely, 
the  San  José  scale  work  and  the  work  against  insects  injurions  to 
health  —  the  whole  world  has  been  vitally  interested,  and  in  another 
department,  which  has  reached  the  highest  stage  during  this  tirae, 
many  nations  are  becoming  interested  ;  and  that  is  the  international 
work  with  the  parasitic  and  predatory  insect  enemies  of  injurions 
insects.  Originally  suggested,  and  experimentally  tried  on  a  small 
scale,  but  with  scanty  results,  very  many  years  ago,  the  first  successful 
large-scale  experiment  was  concluded  in  California  about  twenty 
years  since,  by  the  work  of  an  agent  of  the  United  States  Department 
of  Agriculture,  Albert  Koebele.  Both  the  State  of  California  and  the 
United  States  Department  of  Agriculture  hâve  carried  on  the  work 
since  that  time,  and  they  hâve  been  joined  by  the  Territory  of  Hawaii, 
by  the  colony  of  Western  Australia,  by  South  Airica,  by  the  British 
West  Indies,  by  Egypt,  by  Portugal,  by  Italy,  quite  recently  by  France, 
and  at  the  présent  moment  an  entomologist  from  Chile  is  in  the  United 
States  searching  for  bénéficiai  insects  to  take  back  with  him  to  South 
America. 

Ail  of  this  work  was  done  on  a  rather  small  scale,  although  oc- 
casionally  with  excellent  results,  until  three  years  ago,  when  the 
effort  to  introduce  the  European  parasites  of  Porthetria  dispar,  known 
as  the  gypsy  moth,  and  of  Ewproctis  chrysurrhœa,  known  as  the 
brown-tail  moth,  into  the  United  States  was  begim.  In  the  north- 
easterly  portion  of  the  United  States,  both  of  thèse  injurious  insects 
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introduced  accidentally  had  spread  enormously,  and  occurred  in 
countless  numbers.  The  percentage  of  parasitism  from  native  Ameri- 
can parasites  was  very  small.  The  normal  percentage  of  parasitism 
in  the  native  homes  of  the  injurions  species  was  very  great.  There 
seemed  to  be  no  object  in  limiting  the  importations  of  parasites  — 
the  greater  the  number  introduced  the  sooner,  it  seemed,  would  suc- 
cess  be  reached  ;  therefore,  frora  the  start  the  work  has  been  done 
upon  a  very  large  scale.  Hundreds  of  thousands  of  host  insects  con- 
taining  parasites  hâve  been  brought  each  year  from  a  large  part  of 
their  European  géographie  range;  more  than  forty  species  of  para- 
sites hâve  thus  been  brought  over,  bred  and  liberated;  several  of 
them  hâve  certainly  established  themselves  in  New  England,  and 
there  seems  every  reason  to  believe  that  speedy  suQcess  will  be  reached. 
The  single  négative  chance  that  native  hyper- parasites  will  interfère 
cannot  be  guarded  against,  and  even  should  such  species  attack  the 
imported  parasites,  it  will  probably  not  be  long  before  a  condition 
of  more  or  less  stable  equilibrium  among  the  host  insects,  the  primary 
parasites  and  the  hyper-parasites,  will  hâve  been  reached.  Every 
possible  effort  has  been  and  is  being  made  to  prevent  the  escape  in 
this  country  of  the  European  hyper-parasites.  This  work  is  now 
going  on  in  a  laboratory  at  North  Saugus,  near  Boston,  and  as  it  is 
by  far  the  largest  experiment  of  the  kind  ever  tried  in  the  history  of 
the  world,  it  will  doubtless  be  interesting  to  the  members  of  the  section 
of  économie  zoology  to  visit  this  laboratory  during  the  présent  week 
and  examine  the  détails  and  methods  used.  The  speaker,  who  has 
spécial  charge  of  this  work,  will  be  greatly  indebted  to  members  of 
the  section  for  suggestions  which  they  may  make  after  an  examination 
of  the  laboratory,  which  may  assist  in  making  the  work  more  efficient. 
Another  almost  unforeseen  development  in  économie  entomolog}', 
in  the  period  under  considération,  and  one  of  very  great  interest  and 
importance,  has  been  the  spread  of  the  INIexican  cotton  boll  weevil 
(Anthotiomus  grandis)  in  the  United  States.  It  has  presented  an 
enormous  problem  in  économie  zoology;  the  enormous  damage  it 
has  done,  and  the  fears  it  has  aroused  in  other  cotton-growing  coun- 
tries,  hâve  threatened  a  disturbance  in  the  balance  of  trade  for  the 
entire  world.  At  the  time  of  the  former  address,  in  August,  1894,  this 
insect  had  just  made  its  appearance  across  the  Rio  Grande  in  the 
vicinity  of  Brownsville,  Texas.  Advancing  year  by  year  since  then 
to  the  north  and  to  the  east,  spreading  at  an  average  rate  of  per- 
haps  seventy-five  miles  annually,  it  has  now  reached  Arkansas  and 
Oklahoma  on  the  north,  and  the  valley  of  the  Mississippi  Ri\^r  on 
the  east.  Many  millions  of  dollars  hâve  been  lost  each  year  by  the 
ravages  of  this  insect.  During  the  seasons  of  its  greatest  abundance, 
this  annual  damage  has  been  estimated  at  from  $15,000,000  to 
$30,000,000.  In  this  spread  we  see  one  of  the  most  striking  instances 
of  the  value  of  scientific  prédiction,  and  the  value  of  scientific  advice 
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in  practical  matters.  At  the  beginning  of  its  spread,  the  whole  situa- 
tion, as  developed  later,  was  predicted  ;  and  by  a  very  small  expendi- 
ture  of  money  the  insect  could  hâve  been  held  in  check  and,  in  fact, 
exterminated  easily.  It  occurred  in  a  circumscribed  région  in  which 
the  vahie  of  the  cotton  production  was  not  great,  and  the  passage  of  a 
law  by  the  Texas  législature  to  enforce  measures,  which  could  not 
hâve  resulted  in  an  expense  of  more  than  $20,000  or  $30,000  to  the 
State,  would  hâve  entirely  prevented  the  loss  which  has  resulted  from 
the  ignoring  of  thèse  reconimendations.  The  recommendations  were 
not  only  made  by  the  Bureau  of  Entomolog}'  of  the  United  States, 
but  a  bill  was  drafted  in  that  office,  the  governor  of  the  State  recom- 
mended  its  passage  in  that  session  of  the  législature;  but  with  fatal 
economy,  and  with  the  fatal  ignorance  of  the  value  of  expert  advice, 
the  législature  failed  to  pass  the  law,  and  the  insect  steadily  spread. 
Large  sums  of  money  hâve  been  spent  by  the  gênerai  government  in 
the  investigation  of  ail  the  factors  connected  with  the  life  history, 
habits,  method  of  dispersion  and  methods  of  control,  and  large  sums 
hâve  also  been  spent  in  actual  field  démonstrations  upon  a  large 
scale  of  the  efficacy  of  the  control  measures  recommended.  Even 
thèse  field  démonstrations,  however,  hâve  been  met  with  a  conser- 
vatism  in  cultural  methods  that  has  proved  quite  as  fatal  as  the 
original  failure  to  pass  the  initial  control  law.  At  the  présent  time 
it  seems  that  the  further  spread  of  the  insect  cannot  be  stopped,  but 
so  soon  as  this  crop-method  conserva tism  can  be  overcome,  the  cotton 
boll  weevil  will  cease  to  be  a  pest  of  the  first  rank,  and  the  cultivation 
of  cotton  can  be  carried  on  almost  as  successfully  in  its  présence  as 
it  was  in  its  absence.  In  the  course  of  this  investigation  there  has 
been  accumulated  a  mass  of  information  concerning  this  insect  which 
has  probably  never  been  exceeded  in  the  study  of  any  one  species. 
For  six  years  a  well-selected  and  large  force  of  trained  entomologists 
has  been  investigating  every  phase  of  its  life,  and  this  in  itself  has 
never  been  done  to  the  same  extent  with  any  other  species;  but, 
curiously  enough,  this  work  has  not  yet  been  completed,  and  the 
reason  is  that  the  weevil  coming  from  ■Mexico  has  been  steadily  ad- 
vancing  into  new  territory  where  conditions  of  the  soil,  température, 
moisture  and  crop  methods  are  différent.  It  has  sho\\Ti  itself  adapt- 
able to  changes  in  thèse  particulars  to  an  extraordinary  degree;  it 
is  still  advancing;  it  is  stiîl  changing  its  habits,  and  we  may  reason- 
ably  expect  to  see  marked  difïerential  developments  between  such 
radically  différent  conditions  as  those  that  exist  in  the  dry,  sandy 
cotton  lands  of  Texas  and  the  moist  climate  and  hea^^}'  soil  of  the 
^Mississippi  bottom  lands.  This  investigation  must  therefore  still 
continue. 

In  this  work  against  the  cotton  boll  weevil  we  see,  therefore, 
another  striking  development  of  économie  entomolog}'.  The  large 
sums  appropriated  by  Congress  and  by  the  différent  States  hâve  neces- 
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sitated  the  emplovmeiit  of  nn  increasin^  force  of  trained  eiitomolo- 
gists.  llie  agricLiltural  collèges  of  the  United  States  hâve  been  ohligcd 
to  meet  this  demand  for  additional  assistance;  through  this  cause, 
and  many  others,  already  mentioned,  or  to  be  mentioned,  the  iinj)or- 
tance  of  training  in  économie  entomology  in  thèse  agricultural  collèges 
lias  become  intensified  ;  the  men  at  the  heads  of  thèse  departments 
of  instruction  hâve  been  obliged  to  change  their  methods;  they  hâve 
kept  up  with  the  progress  of  field  and  laboratory  work  and  hâve 
trained  their  students  in  the  newest  developments.  The  increase  in 
the  nuniber  of  scientifically  trained  and  working  économie  entomo- 
logists  lias  been  remarkable,  and  will  be  referred  to  later  in  this 
address. 

It  lias  already  been  stated  that  the  work  of  the  State  of  Massachu- 
setts against  the  gypsy  motli  was  already  well  under  way  in  ]<S04. 
This  work  lias  since  had  its  vicissitudes,  and  it  offers  a  remarkable 
example  of  wliat  can  be  donc  and  wliat  should  be  donc  in  face  of  great 
emergencies  such  as  it  presented,  and  still  présents,  and  it  offers  also 
an  extraordinary  example  of  the  short-sightedness,  temporary,  at 
least,  of  legislators.  The  work  continued  with  excellent  success  down 
to  the  year  1900.  The  extermination  of  the  gypsy  nioth  at  that  time 
was  almost  in  sight.  It  had  actually  been  exterminated  over  considér- 
able extents  of  terri  tory.  The  conserva  tive  estimate  of  those  in  charge 
of  the  work  placed  the  period  of  the  termination  of  state  appropriation 
at  only  a  few  years  in  advance.  Mark  the  resuit.  The  appropriation 
was  dropped  in  1900,  and  for  the  next  five  years  no  work  was  donc 
against  this  insect,  except  that  done  by  private  property  owners.  Ail 
of  the  ground  gained  by  the  former  work  was  lost,  the  insect  mul- 
tiplied  in  increasing  numbers,  and  a  large  extent  of  new  territory 
became  infested,  making  the  problem  many  times  more  important 
wlien  the  State  again  took  hold  of  the  remédiai  work  in  1905.  In 
fact,  so  greatly  had  the  territory  increased,  so  greatly  had  the  insect 
multiplied  as  to  do  away  practically  with  ail  idea  of  absolute  exter- 
mination. An  attempt  at  extermination  on  the  same  scale  on  which 
the  attempt  was  previously  iiiade  would  almost  bankrupt  so  rich  an 
organization  as  the  Commonwealth  of  IMassachusetts.  In  the  mean- 
time,  also,  the  insect  spread  beyond  the  borders  of  this  State  into 
Rhode  Island,  Connecticut,  New  Hampshire,  and  also,  as  has  recently 
been  discovered,  into  Maine.  At  last  the  gênerai  government  was 
appealed  to,  and  was  appealed  to  distinctly  in  the  ternis  of  aid  "to 
prevent  the  further  spread  of  the  nioth."  The  bro\vm-tail  moth  had 
in  the  meantime  obtained  a  foothold  in  New  England  and  had  spread 
far  and  wide,  and  it  too  was  inchided  in  the  ternis  of  the  act  of  the 
gênerai  government,  and  also  in  the  ternis  of  the  act  of  the  State  of 
Massachusetts.  Appropriations  were  made  by  Congress  for  expendi- 
ture  during  the  fiscal  year  ending  June  30,  1907,  of  $82,500,  and  for 
the  fiscal  year  ending  Jmie  30,  1908  of  $150,000. 
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In  the  meantime,  the  State  of  Massachusetts  had  appropriated 
under  a  very  wise  law  $300,000  to  be  spent  in  the  years  1905-1908,  and 
has  appropriated  again,  the  last  winter,  in  coopération  with  infested 
towns. 

The  States  of  Maine,  New  Hampshire,  Connecticut  and  Rhode 
Island  hâve  also  during  the  past  winter  made  small  appropriations 
covering  opérations  for  the  next  year  or  two.  Hère,  then,  is  a  gigantic 
effort  in  which  no  less  than  five  States  are  making  separate  appropria- 
tions and  are  cooperating  with  the  gênerai  government,  which  also 
makes  an  independent  appropriation,  the  whole  amounting  to  several 
hundreds  of  thousands  of  dollars,  in  an  effort  which,  in  its  présent 
phase,  is  devoted  to  the  restriction  of  the  further  spread  of  thèse  two 
pests,  and  toward  relieving  the  conditions  of  damage  which  exist  in 
the  infested  territory,  until  siich  time  as  the  large-scale  experiment 
heretofore  described  in  the  introduction  of  foreign  parasites  of  both 
species  shall  hâve  culminated  in  a  reasonable  degree  of  success. 

No  larger  scale  work  has  probably  ever  been  done,  nor  has  any 
work  in  économie  entomology  ever  been  done  in  a  more  efficient  and 
practical  way  than  this  combined  work  of  the  several  states  and  the 
gênerai  government  being  carried  on  at  the  présent  time.  The  leader 
in  this  work  has  been  the  State  of  ]\Iassachusetts.  Aroused  by  the 
disastrous  conditions  brought  about  by  the  lapse  of  appropriations 
in  the  years  1900  to  1905,  the  State  has  taken  hold  of  the  problem 
with  an  energy  and  intelligence  commanding  the  greatest  respect, 
and  it  has  been  this  attitude  on  the  part  of  the  State  that  has  induced 
the  gênerai  government  to  assist  on  the  principle  that  "Heaven  helps 
those  who  help  themselves." 

It  is  interesting  that  the  section  of  économie  zoology  of  the  Seventh 
International  Congress  should  hold  its  meeting  in  Boston,  the  center 
of  this  great  pièce  of  économie  work,  at  a  time  when  its  results  can  be 
plainly  seen,  and  visiting  members  should  utilize  the  opportunity  to 
familiarize  themselves  with  the  détails  of  this  work.  Very  wisely, 
the  work  of  the  State  of  IMassachusetts  has  been  placed  in  the  hands 
of  A.  H.  Kirkland,  a  trained  entomologist  and  a  man  of  great  execu- 
tive ability,  and  in  his  hands  it  has  become  a  great  object  lesson. 

While  the  work  already  mentioned  has  perhaps  had  the  most  im- 
portant bearing  upon  what  may  be  termed  "the  rise  of  économie 
entomology"  during  the  past  dozen  years,  there  has  been  an  enorijious 
amount  of  other  work,  of  almost  equal  importance  ;  there  hâve  been 
important  developments  in  methods;  there  hâve  been  important 
discoveries  in  the  life  historiés  of  many  species,  leading  to  better 
measures  of  control;  there  hâve  been  important  widenings  of  the 
field  in  many  directions.  Only  a  few  of  thèse  can  be  mentioned  at 
this  time,  and  perhaps  those  chosen  will  not,  after  ail,  be  the  most 
important. 

The  démonstration  work  in  connection  with  the  cotton  boll  weevil 
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has  been  mentioned,  and  this  in  itself  is  an  important  new  factor  in 
our  work.  It  seems  to  be  not  enough  to  tell  a  man  that  lie  can  ac- 
coinplish  certain  results  by  doing  certain  things;  to  establish  perfect 
confidence  it  is  necessary  to  prove  this,  and  to  prove  it  not  by  labora- 
tory  work,  but  by  field  work,  and  by  field  work  on  a  large  scale. 
The  first  démonstration  work  of  this  character  was  probably  that 
carried  on  by  C.  B.  Simpson  for  the  Bureau  of  Entomology  in  the 
work  against  the  codling  moth,  in  Idaho,  in  1902.  Hère  a  large 
commercial  orchard  was  treated  according  to  the  most  approved 
method,  and  a  check  orchard  was  left  untreated.  The  results  were 
exhibited  to  apple-growers  in  the  autunm  from  the  States  of  Idaho, 
Oregon  and  Washington,  and  the  démonstration  was  so  perfec  as 
to  induce  a  wide-spread  adoption  of  the  methods  used.  In  Texas 
and  Louisiana  this  démonstration  work  w^as  carried  on  at  first  by  the 
Bureau  of  Entomology,  and  later,  after  the  methods  were  sho\vn  to 
hâve  been  sound,  by  the  Bureau  of  Plant  Industry,  and  upon  a  very 
large  scale.  In  the  same  way,  during  the  summer  of  1906,  coopérative 
work  against  injurions  insects  and  fungous  diseases  of  fruit  orchards 
was  carried  on  by  thèse  two  bureaus  in  Nebraska,  and  during  the 
présent  summer  this  work  is  being  repeated  in  other  States.  The 
value  of  this  démonstration  is  very  great,  and,  as  before  stated,  intro- 
duces  a  new  élément  into  the  work. 

The  international  work  with  parasitic  and  predatory  insects  re- 
ferred  to  in  my  previous  paragraph  is  of  course  suggestive  of  what 
may  be  done  with  parasites  of  injurions  species  in  a  single  country 
like  the  United  States,  which  is  of  broad  extent,  and  in  which  the 
climatic  and  crop  conditions  vary  so  considerably. 

The  Hessian  fiy,  for  example,  that  great  destroyer  of  wheat,  has 
in  certain  seasons  and  in  certain  localities  parasites  which  reduce  it 
to  a  minimum,  but  it  has  been  shown  that  in  the  spring  of  certain 
years  thèse  parasites  will  be  competently  abundant  in  one  région  and 
practically  absent  in  another.  Advantage  has  been  taken  of  this  fact 
by  F.  M.  Webster,  of  the  Bureau  of  Entomology,  and  his  corps  of 
assistants,  to  study  and  import  from  thèse  régions  of  parasite  abun- 
dance,  parasitized  puparia  of  the  Hessian  fly  into  régions  where  the 
parasites  upon  actual  examination  hâve  been  found  to  be  absent. 
During  the  présent  season,  early  in  spring,  two  early  planted  expéri- 
mental plats,  at  Lansing,  Mich.,  and  Marion,  Pa.,  were  very  seri- 
ously  attacked  by  the  Hessian  fly,  but  on  full  examination  carefully 
made  at  a  later  date,  90  per  cent,  of  the  puparia  were  found  to  hâve 
been  stung  by  a  parasite  of  the  genus  Polygnotus  and  to  contain  its 
developing  larvœ,  A  field  of  wheat  near  Sharpsburg,  Md.,  was  found 
to  be  infested  by  the  fly,  and  examination  indicated  the  absence  of 
the  parasite.  On  April  8  a  large  number  of  the  parasitized  puparia 
from  Marion,  Pa.,  were  brought  to  Sharpsburg,  and  placed  in  the 
field.     On  July  8  an  examination  of  the  Sharpsburg  field  showed 
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that  the  parasites  had  taken  hold  to  such  an  extent  that  of  the  large 
number  of  puparia  taken  and  brought  to  the  laboratory  at  Washington 
for  examination,  not  one  was  found  which  had  not  been  parasitized. 
This  is  the  most  striking  example  of  the  kind  which  has  yet  been 
recorded,  and  indicates  the  value  of  further  expérimental  work  in 
this  direction. 

Another  interesting  and  significant  large-scale  experiment  of  this 
kind  was  carried  on  in  the  présent  year,  also  by  Webster,  which, 
while  void  of  practical  results,  is  most  significant  and  valuable  as 
indicating  limitations.  A  serions  enemy  of  grains  and  grasses,  an 
aphidid,  known  as  the  Toxoptera  graminum,  made  its  appearance 
in  the  winter  time  in  Texas,  and  gradually  appeared  farther  and 
farther  north  until  in  Jiily  it  was  found  across  the  Canadian  border. 
At  certain  periods  this  Toxoptera  is  always  practically  exterminated 
by  a  parasite  of  the  genus  Lysiphlebus.  At  the  time  when  the  I^ysi- 
phlebus  in  Texas  is  abundant,  and  is  gaining  control  of  the  situation, 
the  Toxoptera  is  doing  its  worst  damage,  and  is  comparatively  un- 
parasitized  in  more  northern  régions,  such  as  Oklahoma  and  Kansas. 
It  was  considered  that  if  the  parasites  could  be  collected  in  Texas  in 
very  large  numbers,  and  transported  to  Oklahoma  or  Kansas,  the 
introduction  of  thèse  large  numbers  of  parasites  would  hasten  the 
destruction  of  the  Toxoptera,  remembering  ail  the  while  that  native- 
born  Lysiphlebus  in  small  numbers  were  already  beginning  to  develop 
in  the  Oklahoma  and  Kansas  fields.  A  number  of  experiments  of 
this  kind,  and  on  a  very  large  scale,  were  carried  on  ;  some  work  was 
done  by  S.  J.  Hunter,  of  Kansas,  and  much  was  published  about  the 
resuit  of  this  work  in  the  month  of  May  ;  but  the  careful,  large  scale 
and  check  experiment  carried  on  under  Webster  in  the  same  month 
seems  conclusive  proof  of  the  failure  of  such  work. 

One  experiment  in  particular  may  be  described.  On  May  13  two 
fields  of  winter  oats  near  Manhattan,  Kans.,  each  containing  four 
acres,  were  selected  for  the  experiment.  Thèse  fields  were  sufficiently 
widely  separated,  and  one  of  them  was  used  as  a  check.  Into  the 
other  were  introduced  some  millions  of  parasites  sent  from  Wellington, 
a  point  much  farther  south.  Careful  count  showed  that  in  the  expéri- 
mental fields  the  percentage  of  native  parasitism  at  the  beginning  of 
the  experiment  was  from  3  to  7.  On  May  18  the  parasites  from  Wel- 
lington were  introduced  and  liberated;  on  May  23  the  parasitism 
in  this  field  had  increased  only  about  2  per  cent. ,  whereas  in  the  check- 
field,  in  which  no  parasites  had  been  liberated,  it  had  increased  12 
per  cent.  On  May  27  the  percentage  of  parasitism  in  the  field  into 
which  parasites  had  been  introduced  had  reached  27  per  cent.,  while 
in  the  check-field  it  was  32  per  cent.  It  was  thus  clearly  demonstrated 
that  even  under  weather  conditions  favorable  for  the  development 
of  parasites,  an  introduction  to  the  extent  of  millions  carried  ont 
under  field  conditions  does  not  indicate  enough  efficiency  to  afïord 
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any  encouragement  for  the  use  of  this  measure  in  the  protection  of 
the  grain  fields  in  case  of  future  attacks. 

One  of  the  most  important  features  which  has  come  to  the  front 
of  late,  although  often  suggested  in  earher  writings,  is  the  value  of  a 
variation  in  farm  practice  in  its  efïect  upon  insect  control  :  the  rotation 
of  crops  has  always  been  known  to  be  of  prime  value,  but  further  than 
this,  even  in  the  case  of  constant  recropping  upon  the  same  land  of 
the  same  growth,  it  is  often  found  that  slight  variations  in  time  of 
seeding,  in  time  of  harvesting  and  in  method  of  cultivation  will  pro- 
duce important  efîects  upon  insects  and  végétation.  Many  of  the 
state  entomologists  hâve  taken  up  this  line  of  thought,  and  hâve 
worked  out  practical  results  with  farm  insects,  and  also  with  insects 
that  afïect  truck  crops.  The  advances  in  this  direction,  and  in  others 
are,  in  fact,  so  numerous  that  even  a  cursory  summary  would  be 
difïicult. 

In  the  1894  Address,  the  rise  and  the  then  présent  condition  of 
économie  entomology  were  treated  by  countries,  and  in  the  United 
States,  by  States.  It  will  be  well,  therefore,  after  this  considération  of 
the  most  gênerai  important  developments  of  this  application  of  the 
science,  to  look  over  the  field  and  gain  some  idea  of  the  material 
advances  in  means  and  facilities  —  in  other  words,  let  us  gain  some 
knowledge  of  the  appréciation  which  our  results  hâve  brought  us 
from  control  bodies. 


United  States 

United  States  Department  of  Agriculture.  —  In  1894  the  entomolo- 
gical  service  of  the  gênerai  government  was  carried  on  by  the  Division 
of  Entomology,  an  independent  division,  the  head  of  which  reported 
directly  to  the  Secretary  of  Agriculture.  This  office  at  that  time  car- 
ried an  annual  appropriation  of  $30,000,  and  its  force  consisted  of 
the  chief,  with  eight  scientifically  trained  assistants,  and  three  clerks 
and  messengers. 

At  the  time  of  the  présent  writing  the  entomological  service  of  the 
department  has  been  given  bureau  rank;  its  budget  for  the  présent 
year  is  $340,000,  and  its  pay-roU  includes  one  hundred  scientifîc 
assistants  and  two  hundred  and  fifty  other  employées.  Its  publica- 
tions are  numerous,  and  cover  the  whole  field  of  économie  ento- 
mology.    The  gênerai  appréciation  of  its  results  is  most  satisfactory. 

The  Digèrent  States.  —  In  1894  the  state  agricultural  experiment 
stations  had  been  in  existence  for  six  years;  forty-two  States  and 
Territories  had  employed  persons  to  do  entomological  work.  The 
number  of  experiment  station  workers  who  had  published  ento- 
mological bulletins  or  reports  reached  seventy-seven,  only  twenty- 
eight  of  whom  were  officially  designated  as  entomologists  to  their 
respective  stations.    Entomological  matter,  mostly  compiled,  has  been 
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published  by  the  agriculturists  and  horticulturists,  and  by  the  bota- 
nists,  by  the  pomologists,  the  veterinarians  and  the  librarians.  At  the 
présent  time  the  number  of  States  having  experiment  stations  and 
doing  entomological  work,  inchiding  Hawaii  and  Porto  Rico,  is  51. 
The  number  of  entomologists,  assistant  entomologists,  and  so  on,  era- 
ployed  by  the  stations  is  82. 

In  1894  the  entomological  publications  of  the  experiment  stations 
reached  the  number  of  311,  of  which  88  were  annual  reports,  213  were 
bulletins  and  10  were  leaflets  and  circulars.  In  character  the  bulletins 
and  such  reports  as  had  definite  titles  were  thrown  into  three  caté- 
gories :  first,  those  which  treated  only  of  insecticides  and  insecticide 
machinery  —  40;  second,  those  which  contained  compiled  accounts 
of  insects,  with  measures  for  their  destruction  —  60;  third,  those 
which  contained  the  results  of  more  or  less  sound  original  observa- 
tion with  compiled  matter,  and  matter  upon  remédies  —  117.  There 
were  also  two  small  classes,  one  of  which  was  apiculture,  with  six 
publications;  the  second,  classificatory  publications,  of  which  there 
were  four.  Down  to  the  présent  time  the  total  number  of  entomological 
publications  of  state  and  agricultural  experiment  stations  lias  reached 
1,300,  of  which  424  are  reports,  839  are  bulletins,  34  circulars,  and  3 
apicultural  bulletins.  The  stations  hâve  issued  over  900  (941)  reports 
in  ail,  of  which  about  one  half,  on  a  rough  estimate,  are  entomological, 
or  contain  some  entomological  matters.  The  bulletins  and  circulars 
may  be  divided  as  follows;  insecticides  and  machinery,  251  ;  compiled 
accounts  of  insects,  259  ;  more  or  less  original  observation,  356. 

As  the  years  hâve  gone  on  original  bulletins  hâve  increased  in 
number.  A  critical  summary  of  the  results  achieved  by  the  experi- 
ment station  workers  would  be  of  great  interest,  but  it  must  be  remem- 
bered,  as  pointed  out  thirteen  years  ago,  it  frequently  happens  that 
compiled  bulletins  hâve  a  greater  practical  value  to  the  constituency 
of  the  state  experiment  station  than  the  bulletins  giving  the  results  of 
original  work.  The  original  work  bulletins  advance  the  condition  of 
the  science  ;  the  compiled  bulletins  cxtend  the  knowledge  of  the  re- 
sults so  as  to  make  them  more  valuable  to  people  at  large.  The  work 
that  has  been  done  by  the  offices  of  the  différent  state  entomologists 
has  been  of  the  greatest  value  —  Forbes,  in  Illinois,  and  Felt,  in  New 
York,  hâve  published  material  of  the  greatest  value.  It  would  be 
perhaps  in  vidions  to  point  out  with  any  relative  estimate  of  their  value 
any  of  the  many  highly  important  publications  that  hâve  been  issued 
by  the  entomologists  of  the  expérimental  stations;  but  the  work  done 
by  Smith,  in  New  Jersey,  and  that  which  he  has  under  way  in  his 
large-scale  campaign  against  the  mosquitoes  of  that  State  are  of  such 
a  unique  character  that  they  force  spécial  mention.  The  mosquito 
destruction  measures  carried  on  by  English  workers,  and  especially  by 
those  connected  with  the  Liverpool  School  of  Tropical  Medicine,  in 
différent  parts  of  the  tropics  controlled  by  England,  has  been  large- 
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scale  work  of  great  value.  That  done  hy  the  arniy  of  occupation  in 
Cuba  was  of  enornious  value,  so  far  as  the  city  of  Ilavana  was  con- 
cerned,  and  an  assistant  just  returned  from  the  Isthraian  canal  zone 
assures  me  that  it  is  possible  to  sit  now  out-of-doors  of  an  evcninij^  upon 
an  unprotected  véranda  anywhere  in  the  zone  without  l)einf];  annoyed 
by  mosquitoes,  and  without  danger  of  contracting  malaria  or  yellow 
fever. 

Thèse  are  ail  great  pièces  of  work,  but  when  we  coiisider  the  con- 
dition tiiat  exists  in  the  State  of  New  Jersey,  and  the  indefatigablc 
and  successful  work  of  Smith  in  the  handling  of  the  most  (Hflicuh, 
problem  of  the  species  that  breed  in  the  sait  niarshes,  and  of  liis 
persistent  and  fînally  successful  efforts  to  induce  the  state  législature 
of  thatwealthv  l)ut  extremely  economical  State  to  appropriate  a  large 
sum  of  money  to  relieve  New  Jersey  from  its  characteristically  tra- 
ditional  pest  —  we  must  hold  up  our  hands  in  admiration. 

The  work  that  has  been  done  by  the  state  entomologists,  and  the 
entomologists  of  the  state  agricultural  experiment  stations,  as  a  whole, 
impresses  one  as  being  of  the  highest  practical  value.  While  admira- 
ble pièces  of  scientific  investigation  hâve  been  carried  ont,  the  main 
faciès  of  the  work  as  a  whole  is  almost  rampant  with  practicality.  The 
présent  condition  of  our  knowledge  of  insecticides  and  Systems  of  in- 
spection is  due  for  the  most  part  to  thèse  workers,  and  the  reading  of 
the  reports  of  the  meetings  of  the  Association  of  Economie  Entomolo- 
gists can  not  fail  to  impress  one,  not  only  with  the  earnestness  and 
vivid  interest  of  thèse  men  in  their  work,  but  also  of  tlieir  entirely 
compétent  grasp  of  the  subject. 

The  speaker  has  visited  personally  many  of  the  European  workers 
in  économie  entomology  during  the  past  five  or  six  years,  and  everv- 
where  has  heard  eulogistic  comments  upon  the  work  of  the  experiment- 
station  entomologists  of  the  United  States.  Sigismond  INIokschetsky 
said  to  me  last  May  at  Simferopol,  in  the  Crimea:  "  I  know  them  ail 
—  Slingerland,  Smith,  Forbes,  Felt,  Webster,  Osborn  —  what  men  !" 

Other  Countries 

In  most  of  the  other  countries  of  the  world  conditions  are  so 
différent  from  those  in  the  United  States  as  to  eall  for  a  treatment  dif- 
fering  in  some  degree,  greater  or  less,  from  that  found  available  in  the 
United  States.  Many  of  the  principal  insect  pests  are  cosmopolitan  ; 
many  are  so  similar  in  their  habits  as  to  allow  the  use  of  identical  or 
similar  remédiai  measures.  In  each  separate  faunal  zone,  however, 
are  individual  crop  pests  necessitating  original  observation  and  investi- 
gation and  frequently  novel  remédies.  In  the  more  newly  settled  conn- 
tries,  where  agricultural  holdings  are  large,  the  necessities  become  more 
nearly  like  those  of  the  United  States;  thus,  in  Australia  many  prob- 
lems  are  similar,  and  the  same  may  be  said  of  South  Africa,  and  espe- 
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cially  of  the  new  colony  of  the  Transvaal,  and  the  same  remark  may  be 
extended  in  ail  probability  to  those  portions  of  Asia  which  are  being 
agriculturally  developed  by  the  Russian  people.  But  in  the  older 
countries,  and  especially  in  the  European  countries,  the  problem  is 
différent.  In  the  Address  of  thirteen  years  ago  the  speaker  quoted  the 
chief  of  the  Agricultural  Section  of  the  jNIinistry  of  Agriculture  of 
Prussia,  who  in  conversation  with  the  writer  in  the  sumraer  of  1893 
argued  that  Germany  does  not  need  to  employ  gênerai  économie 
entomologists,  that  its  experiment  stations  seldom  receive  applica- 
tions for  advice  upon  entomological  topics.  Spécial  insects,  it  is  true, 
occasionally  spring  into  prominence;  the  Phylloxéra  is  one  of  thèse, 
and  in  an  eraergencv  like  the  Phvlloxera  outbreak  the  work  is  handled 
by  spécial  commissions.  European  nations  can,  therefore,  afîord  to 
let  the  problem  alone  to  a  much  gréa  ter  extent  than  the  United 
States  for  the  reason  that  it  is  infinitely  less  important  with  them  than 
with  us. 

From  several  récent  European  visits  the  writer  is  inclined  to  agrée, 
in  a  measure,  with  this  statement  of  conditions.  Nevertheless,  there 
is  a  very  considérable  need  in  practically  ail  of  the  countries  of  Europe 
for  modem,  careful  work  in  économie  entomology.  A  certain  per- 
centage,  and  it  may  be  a  very  considérable  percentage,  of  many  crops 
is  lost  each  year  through  failure  to  carry  on  entomological  work  on  a 
much  larger  scale  than  was  done  in  1894,  or  than  is  donc  at  the 
présent  date.  Scattered  hère  and  there  through  Europe,  as  will  appear 
from  subséquent  paragraphs,  there  is  an  occasional  officiai  économie 
entomologist,  but,  without  exception,  thèse  men's  hands  are  tied  for 
want  of  financial  backing.  Their  salaries  are,  without  exception, 
extremely  small  from  the  American  standpoint.  They  are  working 
almost  single-handed,  and  their  opportunities  are  discouragingly  small 
in  face  of  the  results  that  might  be  otherwise  accomplished.  They  ail 
feel  thèse  conditions  strongly,  and  they  ail  realize  the  great  desira- 
bility  for  their  government's  good  of  additional  opportunities  for  care- 
ful work.  They  are  appealed  to  so  often,  in  fact,  by  agriculturists  as 
to  indicate  the  certain  value  of  added  facilities,  and  I  am  convinced 
that  practically  ail  European  governments  are  losing  opportunities  to 
save  agriculture  from  a  sure  annual  loss  which  may  be  greater  or 
smaller,  according  to  the  conditions. 

In  the  1894  Address  the  wTiter  considered  the  conditions  in  the 
foUowing  countries  in  order:  Canada,  Great  Britain,  Germany, 
Austria  Hungary,  Italy,  France,  Spain,  The  Netherlands,  Norway, 
Sweden,  Russia  (including  Finland),  Brazil,  Chile,  India,  South 
Africa,  Australia,  British  West  Indies,  New  Zealand  and  the  Hawaiian 
republic.  In  anticipation  of  the  préparation  of  this  Address  the  officers 
in  thèse  countries  just  mentioned  were  WTÎtten  to  with  the  request  that 
they  send  information  as  to  the  présent  condition  of  the  work  in 
économie  entomology  in  their  countries.    The  same  request  was  sent 
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to  practically  ail  of  the  foreign  members  of  the  Association  of  Economie 
Entoniologists.  !Many  of  theni  hâve  responded,  and  froni  thèse  re- 
sponses  and  from  personal  visits  to  some  of  the  countries,  together 
with  some  knowledge  of  publications  which  hâve  been  issued,  the 
foUowing  statements  may  be  made: 

Canada 

James  Fletcher,  in  1894  holding  the  position  of  entomologist  and 
botanist  to  the  Dominion  Expérimental  Farms  System  of  Canada, 
with  headquarters  at  Ottawa,  still  retains  the  same  position.  At  that 
time  he  worked  alone.  Since  then  lie  has  been  given  two  assistants. 
He  publishes  annually  a  report,  which  has  constantly  improved  in 
character.  The  agriculture  of  Canada  has  developed  enormously  in 
the  intervening  thirteen  years.  The  country  has  become  richer,  and 
more  funds  hâve  been  devoted  to  the  Expérimental  Farms  System. 
The  amount  that  has  been  devoted  to  work  in  économie  entomology 
has  been  by  no  means  commensurate  wâth  the  demands  of  the  situation. 
As  was  the  case  in  1894,  Canada  is  little  behind  the  United  States  in 
her  knowledge  of  and  application  of  methods  in  économie  entomology, 
but  this  is  due  largely  to  the  fact  of  Fletcher's  energy,  broad  grasp  of 
the  subject  and  indefatigability  as  a  wTiter  and  public  speaker.  It  is 
in  this  way  that  Canada,  in  which  the  agricultural  conditions  are  quite 
similar  to  those  in  the  northern  portion  of  the  United  States,  has  been 
able  to  adopt  and  assimilate  American  methods  and  keep  herself 
abreast  of  the  times.  Her  problems  in  économie  entomology,  how- 
ever,  deserve  a  better  support  from  the  government  than  they  hâve 
received.  Fletcher  should  hâve  opportunities  for  research  work.  He 
is  so  well  informed  a  man,  and  so  capable  of  handling  problems, 
given  greater  assistance  and  the  proper  funds,  that  it  is  a  pity  that  he 
has  not  received  a  greater  financial  support  from  his  government. 

Mexico 

No  work  in  économie  entomology  was  donc  in  Mexico  do-^m  to  the 
year  1900.  There  was  then  founded  a  Commission  of  Agricultural 
Parasitology,  which  included  work  both  with  injurions  insects  and  with 
plant  diseases.  It  was  placed  in  charge  of  A.  L.  Herrera,  a  trained 
man  of  science,  who  has  since  remained  its  chief.  The  peculiar  con- 
ditions in  Mexico  hâve  caused  the  commission  to  be  chiefly  oceupied 
with  the  vulgarization  of  methods  already  known  in  order  to  combat 
agricultural  pests,  and  only  reeently  has  it  been  oceupied  in  perfecting 
thèse  methods  where  possible,  hax-ing  ended,  to  a  certain  extent,  its 
labor  of  propagandism.  It  would  hâve  been  illogical  for  the  com- 
mission to  hâve  been  oceupied  with  exact  studies  in  entomology  and 
in  mvestigations,  while  the  people  of  the  country  were  ignorant  of  the 
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most  common  methods  of  défense,  such  as  the  Bordeaux  mixture, 
kérosène  emulsion,  arsenical  mixtures  and  so  on.  Herrera  has  had  to 
deal  with  an  unusual  class  of  people,  and  he  has  handled  the  situation 
with  great  tact  and  efficiency.  He  has  pubUshed  many  papers  of 
practical  value,  and  has  succeeded  in  spreading  exact  knowledge 
of  remédies  that  has  been  of  great  assistance  to  the  growers  of  his 
country. 

Nevertheless,  entomological  investigations  hâve  been  made  when 
the  necessity  seemed  strong.  The  personnel  of  his  force  consists  of 
the  chief,  three  traveling  agents,  a  traveling  agent  charged  with 
vaccination  and  the  distribution  of  vaccine  for  domestic  animais,  a 
curator  of  collections,  a  designer,  an  entomological  assistant,  two  bac- 
teriological  assistants,  two  clerks  and  two  boys.  The  whole  amount 
appropriated  for  ail  of  the  expense  of  this  work,  including  the  salaries, 
apparatus,  etc.,  is  131,650.50  annually.  This  amount  is,  of  course,  in 
Mexican  money,  and  while  the  Mexican  dollar  has  a  relatively  small 
value,  it  has  in  Mexico  a  purchasing  value  équivalent  to  that  of  the 
American  dollar.  Herrera  keeps  in  constant  touch  with  the  work 
being  done  in  économie  entomology  in  other  parts  of  the  world,  and 
with  his  high  intelligence  and  great  scientific  talents  is  undoubtedly 
one  of  the  most  valuable  public  servants  in  Mexico,  and  one  who  de- 
serves  much  greater  support  at  the  hands  of  his  government. 

Great  Britain 

In  regard  to  conditions  in  Great  Britain  there  hâve  been  changes 
since  1894.  Charles  Whitehead,  still  living  at  Barminghouse,  Black- 
stone,  has  resigned  his  position  as  technical  adviser  to  the  Board  of 
Agriculture,  and  Eleanor  Ormerod,  for  many  years  honorary  Consult- 
ing entomologist  to  the  Royal  Agricultural  Society,  has  died.  Miss 
Ormerod's  services  to  British  agriculture  were  very  great  and  her 
death  was  a  distinct  loss  to  économie  entomology.  Officiai  récogni- 
tion of  this  science  in  Great  Britain  is  slight.  The  Board  of  Agricul- 
ture, with  offices  at  No.  4  Whitehall  Place,  London,  does  not  deal  with 
this  subject  in  a  separate  brandi,  but  it  is  included  among  the  other 
duties  of  the  Intelligence  Division.  The  staff  of  this  division  consists, 
besides  the  assistant  secretary,  of  one  head,  three  assistant  heads,  five 
clerks  and  three  boys.  There  is  also  a  zoological  adviser  who  is  paid 
by  the  division,  but  the  whole  of  whose  time  is  not  occupied  by  services 
to  the  board.  There  is  no  laboratory  attached  to  the  board.  At 
présent  the  board  has  no  statutory  powers  to  deal  with  insect  infesta- 
tions,  except  those  conferred  by  the  destructive  insects  act  of  1877, 
which  deals  only  with  the  Colorado  beetle,  but  a  bill  to  extend  the 
powers  of  the  board  to  ail  destructive  insects  is  now  before  Parliament 
and  is  expected  to  become  a  law  very  shortly. 

The  sum  provided  by  the  annual  parliamentary  vote  for  advice  in 
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économie  entomology  is  two  hundred  pounds.  The  zoological  adviser 
is  Cecil  Warburton,  whose  headquarters  are  at  Cambridge,  England, 
where  he  has  the  accommodation  of  a  zoological  laboratory  and  a 
collection  of  économie  spécimens. 

There  is  some  good  économie  work  donc  at  the  University  of  Bir- 
mingham by  Walter  E  Collinge,  and  at  the  Southeastern  Agricnltural 
Collège  at  Wye,  Kent,  by  F.  V.  Theobald.  CoUinge's  work  provides 
a  Consulting  and  expérimental  research  department  in  connection  with 
économie  zoology,  and  his  work  includes  answering  inquiries  from 
farmers,  identifying  farm  pests,  the  carrying  out  of  experiments  with 
insecticides  and  fungicides,  investigations  in  life  historiés  of  insects, 
lectures  before  agrieultural  and  horticultural  organizations,  inspecting 
orchard  and  farm  crops  and  the  publication  of  the  results.  The 
department  has  been  well  planned,  and  its  staff  will  include,  when 
complète,  a  director  and  économie  zoologist,  économie  myeologist  and 
clérical  or  other  assistants. 

In  the  Southeastern  Agrieultural  Collège  at  Wye  économie  ento- 
mology was  taken  up  in  1894.  Theobald  was  appointed  in  charge, 
and  he  has  sinee  carried  the  work  along  with  the  help  of  senior  students 
only.  Theobald  has  a  good  laboratory  and  equipment  and  has  a  large 
advisory  correspondence  from  ail  parts  of  the  kingdom  and  empire. 
He  publishes  an  annual  report  and  lectures  before  farmers'  clubs  and 
at  definite  agrieultural  centers.  The  collège  at  Wye  trains  many 
students  in  agriculture  from  ail  parts  of  the  British  empire.  The 
resuit  is  that  Theobald  lectures  upon  tropical  insects  as  well  as  upon 
the  insects  of  Great  Britain.  Some  of  thèse  graduate  students  hâve 
been  sent  out  to  the  colonies  to  take  charge  of  entomologieal  work,  and 
inasmuch  as  this  work  will  not  receive  espeeial  considération  in  this 
Address,  it  might  be  well  to  mention  that  Harold  H.  King  has  been 
made  the  entomologist  to  the  Sudan  government;  Frank  Wilcox  has 
been  appointed  entomologist  to  the  Khedival  Agrieultural  Society  at 
Cairo,  Egypt,  and  C.  W.  Mason  has  reeeived  an  appointment  in  the 
Impérial  Department  of  Agriculture  in  India.  The  work,  however,  by 
reason  of  which  Theobald  is  most  prominent  in  the  eyes  of  the  scientifie 
world  at  présent  is  his  great  monograph  of  the  mosquitoes  of  the  world, 
of  which  four  volumes,  and  one  volume  of  plates,  hâve  already  been 
published  under  the  auspices  of  the  British  Muséum  of  Natural 
History  for  the  immédiate  purpose  of  enabling  investigators  of  the 
transfer  of  disease  by  insects  to  détermine  the  eulieids  under  investiga- 
tion. From  1901  to  1904  Theobald  was  superintendent  of  the  short- 
lived  department  of  économie  zoology  of  the  British  Muséum  of 
Natural  History. 

The  establishment  within  a  year  or  two  of  the  Association  of 
Economie  Biologists  in  England,  and  the  founding  of  the  Journal  of 
Economie  Biology,  should  be  mentioned  as  important  steps  in  the  work 
in  économie  zoology  in  England.    Another  important  step  has  been 
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the  appointment  of  R.  Newstead  to  the  School  of  Tropical  Medicine  àt 
Liverpool.  The  necessity  of  this  appointment  was  early  seen  by 
Rupert  Boyce,  Sir  Patrick  Manson  and  Ronald  Ross,  and  in  fact 
Newstead's  appointment  was  the  fîrst  of  its  nature  that  has  been  made 
to  an  institution  for  médical  research  following  the  discovery  of  the 
tremendous  importance  of  insects  in  the  carriage  of  disease.  It  may 
be  incidentally  mentioned  that  at  about  the  same  time  the  writer  was 
appointed  consulting  entomologist  to  the  Public  Health  and  Marine 
Hospital  Service  of  the  United  States  for  the  same  reason.  At  Liver- 
pool Newstead  has  excellent  laboratory  facilities  in  the  famous 
Thompson-Yeates  laboratories,  gives  lectures  upon  entomology  and 
does  the  whole  strictly  entomological  work  connected  with  the  most 
important  investigations  being  carried  on  under  that  admirable 
institution. 

Ireland 

As  I  am  informed  by  George  H.  Carpenter,  of  Dublin,  a  great 
advance  in  the  work  of  économie  entomology  in  Ireland  resulted  from 
the  establishment  of  the  government  department  of  agriculture  and 
instruction  in  1900.  To  this  department  were  then  transferred  many 
of  the  scientific  institutions  of  Dublin  where  biological  research  was 
carried  on,  including  the  Muséum  of  Science  and  Art  and  the  Royal 
Collège  of  Science.  The  muséum  staff  to  which  Carpenter  belonged, 
as  stated  in  the  1894  address,  was  in  the  habit  of  receivingand  answer- 
ing  inquiries  about  injurions  insects,  and  with  the  establishment  of 
the  department  the  number  of  thèse  inquiries  increased.  Popular 
leaflets  on  common  insect  pests  were  drawn  up  upon  request  for  the 
use  of  farmers  throughout  the  country.  In  1901  Carpenter  was 
appointed  lecturer  on  zoôlogy  at  the  Royal  Collège  of  Science  for 
Ireland,  and  entomology  forms  an  important  feature  of  the  zoôlogical 
course.  In  1904  he  was  made  a  prof  essor  in  the  collège.  He  now 
possesses  good  laboratory  facilities  and  funds  for  the  purchase  of 
material.  Carpenter  still  retains  the  post  of  consulting  entomologist 
to  the  Royal  Dublin  Society,  which  has  issued  économie  proceedings 
since  1901,  and  thèse  hâve  formed  an  excellent  channel  for  the  publica- 
tion of  Carpenter's  yearly  reviews  of  injurious  animais  of  Ireland. 
One  feature  of  the  work  of  the  Dublin  Muséum  which  it  is  said  has 
been  shown  to  be  valuable  is  the  préparation  of  small  collections  of 
injurious  insects  for  circulation  in  schools  and  elsewhere  throughout 
the  country. 

Germany 

Conditions  hâve  not  changed  to  any  great  degree  in  Germany  in  the 
past  thirteen  years.     Holrung  still  remains  director  of  the  station  in 
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Halle,  where  he  has  excellent  laboratory  facilities,  and  an  insectary  for 
expérimental  work.  At  the  Forest  School  at  Tharandt  excellent  in- 
struction in  regard  to  forest  entomology  is  given,  and  there  is  carried 
on  a  large  correspondence  with  foresters  and  proprietors  of  estâtes 
throughout  the  empire.  The  entomologist  at  Tharandt  is  Behr. 
Arnold  Jacoby,  the  former  professer  of  zoology,  has  been  appointed 
director  of  the  zoological  and  ethnological  muséum  at  Dresden,  and 
no  longer  gives  his  attention  to  forest  zoology.  He  has  been  succeeded 
by  Escherich. 

At  Eberswalde  bei  Berlin  the  Forest  School  is  active  under  the 
charge  of  Eckstein,  who  takes  a  vivid  interest  in  matters  relating  to 
forest  zoology.  Visiting  this  school  in  May  of  the  présent  year,  the 
writer  was  delighted  to  find  the  old  collections  of  Ratzeburg  preserved 
in  the  most  excellent  condition,  and  his  types  receiving  admirable  care. 
Questions  of  agricultural  entomology  are  referred  to  thèse  three  stations 
and  others,  but  there  are  no  especial  institutions  for  the  investigation 
of  the  life  historiés  of  injurions  insects. 

The  conditions  that  exist  in  Germany  hold  for  Austria. 


HUNGARY 

As  stated  in  1894,  the  Royal  Entomological  Station  at  Budapest, 
then  under  the  direction  of  Geza  Horvath,  was  founded  by  the  govern- 
ment  in  1881  as  a  Phylloxéra  station,  and  as  the  Phylloxéra  problem 
became  more  and  more  elucidated,  and  the  means  of  défense  against 
the  scourge  was  reduced  to  a  practical  basis,  the  work  of  the  station 
became  directed  more  and  more  towards  noxious  insects  in  gênerai  and 
thus  became  an  officiai  bureau  of  investigation  in  économie  ento- 
mology, a  resuit  due  to  Horvath 's  administration  and  to  the  wisdom  of 
the  Hungarian  government.  Since  the  last  Address  Horvath  has  re- 
signed  his  position  to  accept  the  post  of  director  of  the  Royal  Natural 
History  Muséum  in  Budapest,  and  has  been  succeeded  in  charge  of  the 
Entomological  Station  by  his  able  assistant,  Josef  Jablonowski,  who 
at  présent  has  admirably  fîtted  offices  in  the  viticultural  station,  some 
three  miles  from  Pesth,  and  with  a  small  corps  of  assistants  is  doing 
most  excellent  work.  He  has  been  devoting  much  of  his  attention  of 
late  to  the  insects  injurions  to  the  sugar  beet,  and  to  the  invasions  of 
locusts  into  Hungary  from  the  south.  Jablonowski  is  an  admirably 
informed  man,  and  it  is  due  to  his  suggestion  that  the  writer  introduced 
upon  a  very  large  scale  the  wintering  nests  of  the  brown-tail  moth  into 
Massachusetts.  Prior  to  this  suggestion  it  was  not  known  or  expected 
that  thèse  newly  hatched  hibernating  larvae  would  contain  parasites  ; 
but  such  is  the  fact,  and  hundreds  of  thousands  of  thèse  parasites  hâve 
emerged  from  introduced  nests  in  Massachusetts,  and  are  probably 
breeding  hère  now. 
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Italy 

In  1894  the  Royal  Station  of  Agricultural  Entomolog}'  at  Florence 
was  directed  by  Adolfo  Targioni-Tozzetti,  assisted  by  Giacomo  del 
Guercio  and  Antonio  Berlese.  Since  that  time  there  hâve  been  changes. 
Berlese  went  to  Portici,  near  Naples,  to  take  the  professorship  of  éco- 
nomie zoology  in  the  Royal  Agricidtural  School.  While  there,  with  the 
assistance  of  Fihppo  Silvestri  and  G.  Leonardi,  he  did  some  of  the 
best  work  that  has  been  done  in  entomology  in  gênerai,  and  in  its 
application  to  agriculture.  His  publications  hâve  covered  a  wide 
field,  and  were  admirably  and  thoroughly  done  at  the  expense  of  great 
labor,  and  wnth  very  slight  rémunération  from  the  government.  With 
the  death  of  Targioni-Tozzetti  in  1902,  Berlese  was  made  Director  of 
the  Royal  Station  for  Agricultural  Entomology  at  Florence,  and 
Silvestri  succeeded  him  in  the  chair  at  Portici,  the  latter  retaining 
Leonardi  as  his  principal  assistant.  The  technical  staff  of  the  Ento- 
mological  Station  at  Florence  is  now  as  follows:  Director,  A.  Berlese; 
assistants,  G.  del  Guercio  and  C.  Ribaga  ;  in  addition  Paoli  is  engaged 
for  work  against  the  olive  fly,  and  there  is  a  subordinate  staff  which 
consists  of  a  curator,  a  prépara tor,  a  mechanic  and  a  gardener.  The 
funds  for  the  carrying  on  of  the  station  amount  to  16,000  lire  per 
annum.  In  addition  to  thèse  funds  the  government  provides  separate 
sums  for  experiments  in  différent  parts  of  the  country,  and  for  study 
in  the  différent  provinces,  and  sometimes  thèse  funds  are  large.  Just 
at  présent  large  appropriations  hâve  been  made  for  the  study  of  the 
olive  flv,  and  means  to  combat  it.  The  station  is  intensely  occupied 
with  this  problem  at  the  présent  time,  and  field  experiments  are  being 
made  in  varions  parts  of  the  olive  régions  of  the  kingdom.  Professor 
Berlese  informs  the  writer  that  in  ]\Iaremma  in  Tuscany  the  results 
already  are  satisfactory,  and  this  year  it  is  expected  that  the  work  will 
be  completed. 

At  Portici  the  work  includes  instructions  in  entomology,  expéri- 
mental work  in  coopération  with  the  station  at  Florence,  and  a  great 
deal  of  original  work  of  the  highest  character  is  being  carried  on  by 
both  Silvestri  and  Leonardi.  The  force  consists  of  thèse  two  men, 
Silvestri  being  director,  as  previousîy  stated,  another  assistant,  G. 
Martelli,  and  a  preparator.  The  laboratories  at  Portici  are  commo- 
dious,  and  the  historié  old  palace  in  which  they  are  situated  is  sur- 
rounded  with  beautiful  gardens. 


France 

In  1894  a  Department  of  Agricultural  Entomology  had  just  been 
founded  at  the  Agronomical  Institute  at  Paris.  This  office  has  since 
been  termed  the  entomological  station,  and  Paul  jVIarchal  has  been  at 
its  head  working  under  the  Ministry  of  Agriculture. 
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Tlie  headquarters  of  the  station  are  still  at  the  National  Agro- 
noniieal  Institiite,  No.  10  Rue  Claude  Bernard.  Marchai  is  well 
e(juij)j)ed  for  the  important  work  upon  whieh  lie  is  enj^aired  ;  but  lie 
h;.s  but  one  assistant,  who  is  not  a  seientific  inan,  but  wlioni  he  lias 
trained  himselF  to  act  as  a  preparator;  he  lias  one  sinall  rooni  and  two 
halls  ;  no  expérimental  field,  the  most  of  his  observations  having  been 
carried  on  in  lus  home  (ijarden  in  the  suburbs  oF  Paris,  wliere  his  rear- 
intj^  canjes  are  established.  Marchai  is  also  professor  of  zoolocry  as 
apj)lied  to  agriculture  in  the  Agronomical  Institute,  and  in  tliis  work 
he  lias  a  tutor  ((ïrénaux)  who  is  busy  with  the  students  in  the  prépara- 
tion for  their  examinations,  and  in  the  arrangement  of  their  courses. 
As  professor  of  zoiJlogy  Marchai  gives  thirty  courses,  one  and  one  half 
hour  each,  twice  a  week  from  October  15  to  February  15.  The  greater 
part  of  thèse  courses  is  reserved  for  insects;  three  lessons  are  given  to 
silk  culture  ;  three  to  bee  culture,  and  one  to  oyster  culture.  There  are 
a  spécial  lecturer  on  fish  culture,  and  a  professor  of  zootechny.  The 
work  that  lias  been  accomplished  by  Marchai  under  thèse  adverse 
circumstancesis  remarkable  ;  his  latest  labors,resulting  in  the  establish- 
iiient  of  the  phenomenon  of  polycmbri/onij  in  certain  parasitic  insects, 
are  of  profound  seientific  value,  and,  as  we  hâve  already  found  in  tliis 
country,  possess  a  most  important  practical  bearing  upon  the  use  of 
parasites. 

Otlier  work  in  économie  entomology  is  carried  on  in  France  under 
the  government  at  several  points.  Valéry  Mayet  at  the  National 
Agricultural  School  at  Montpellier  still  teaches  économie  entomology, 
and  continues  his  expérimental  work.  Hère,  however,  is  the  same  old 
story,  insufhcient  lalioratory  space,  and  not  even  a  single  assistant; 
half  of  the  tiiiie  of  one  assistant  only. 

At  Rennes,  C.  Houlbert  also  teaches  économie  entomology  in  con- 
nection with  his  work  at  the  University  at  Rennes.  At  Rouen,  Paul 
Noël  is  cliief  of  a  sniall  station  for  économie  entomology,  supported  in 
part  by  the  government,  and  in  part  l>y  the  department.  Hère  lie  con- 
ducts  investigations  of  the  insects  of  that  région,  lias  built  up  a  large 
collection,  and  is  the  consulting  entomologist  for  the  agriculturists 
of  his  department. 

In  her  north  African  colonies  France  lias  met  with  a  serious  problem 
in  the  invasion  of  locusts  and  crickets  from  the  south,  and  lias  con- 
ducted  for  a  number  of  years  an  extensive  investigation  that  has 
culminated  in  the  publication  of  an  encrmous  volume  of  the  greatest 
interest,  prepared  under  the  direction  of  the  director  of  the  work, 
J.  Kunckel  d'Herculais. 

The  Netherlands 

J.  Ritzema  Bos  is  still  the  économie  entomologist  of  Holland. 
Down  to  1906  he  conducted  a  phyto-pathological  laboratory  in  Am- 
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sterdam  ;  this  was  a  private  institution,  but  had  received  grants  from 
the  treasurj,  and  really  constituted  the  governmental  service  in  this 
direction  for  the  Netherlands.  In  1902  the  speaker  visited  this 
laboratory,  and  found  it  well  located,  with  interesting  collections.  In 
1906,  however,  the  government  opened  an  institution  for  phyto- 
pathology  in  connection  with  the  agricultural  collège  at  Wageningen. 
The  old  laboratory  in  Amsterdam  still  exists  as  a  small  private  institu- 
tion. The  work  of  the  new  institution  is  in  the  hands  of  the  director, 
who  lias  one  assistant,  one  temporary  assistant,  an  amanuensis  and  a 
laborer.  Their  work  covers  every  part  of  phyto-pathology,  as  well  in 
entomology  as  in  mycology,  in  relation  to  agriculture,  horticulture  and 
silviculture;  and  under  this  office  is  donc  the  inspection  work  of  the 
government. 

In  her  East  Indian  colonies  the  Netherlands  government  has 
donc  some  very  good  work  in  économie  entomology  in  the  investiga- 
tion of  the  insects  injurions  to  sugar  cane;  the  insect  enemies  and 
diseases  of  this  important  crop  in  Java  hâve  been  studied  with  care 
at  the  Dutch  experiment  stations,  and  excellent  reports  hâve  been 
published. 

NORWAY   AND    SwEDEN 

In  thèse  two  countries  the  conditions  hâve  not  changed,  and  the 
work  goes  on  about  as  described  in  1894. 


Belgium 

Belgium  has  long  been  the  home  of  many  well-known  entomologîsts, 
and  in  the  publications  of  the  Entomological  Society  of  Belgium  are  to 
be  found  many  papers  of  interest  from  the  standpoint  of  économie 
entomology.  The  administration  and  the  Superior  Council  of  the 
Forests  of  Belgium  hâve  been  occupied  for  a  number  of  years  with  a 
condition  involving  an  unusual  development  of  insects  injurions  to 
wooded  properties  and  domains,  and  G.  Se  vérin,  curator  of  the  Royal 
Natural  History  Muséum  of  Brussels,  has  been  officially  charged  by 
the  Belgian  government  to  study  this  especial  situation  in  order  to  pro- 
pose remédies.  Severin  is  a  man  of  great  acquirements  in  natural 
history  in  gênerai,  as  well  as  a  trained  entomologist,  and  his  work  in 
this  direction  cannot  fail  to  be  of  great  value  to  his  government. 

There  is  in  Belgium  an  entomological  service  of  the  State  Agri- 
cultural Institute,  and  in  the  Bulletin  de  l'Agriculture,  Part  II.,  1907, 
there  appears  a  long  article  upon  the  observations  of  this  service  for 
1906,  by  Poskin.  In  this  report  is  given  a  comprehensive  account  of 
the  whole  subject  of  insecticides. 
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RussiA 

In  Russia  rather  more  work  is  being  done  than  in  most  of  the  other 
European  countries.  The  necessity  for  work  in  économie  entomology 
in  this  country  is  greater  than  in  the  small  countries,  as  pointée!  ont  in 
a  previous  paragraph.  Under  the  direct  charge  of  J.  Portschinskv,  of 
the  Ministry  of  AgricuUure,  stations  hâve  been  established  in  différent 
parts  of  the  empire  where  entomological  work  of  considérable  value  is 
being  carried  on. 

During  the  présent  year  the  speaker  has  visited  three  of  thèse 
stations,  one  at  Kieft'  in  the  province  of  Kieff,  under  the  charge  of 
Waldemar  Pospielow;  one  at  Kischenefî  in  Bessarabia,  under  the 
charge  of  Isaac  Krassiltchik  ;  and  one  at  Simferopol  in  the  Crimea, 
under  the  charge  of  Sigismond  Mokschetsky.  AU  of  thèse  men  are 
trained  observers,  and  are  doing  excellent  work. 

Pospielow  is  connected  with  the  University  at  KiefP,  and  is  known 
for  his  researches  on  the  influence  of  certain  physical  conditions  upon 
the  color  of  Lepidoptera.  Krassiltchik  has  a  private  station  in  Kischen- 
eff  ;  Mokschetsky  is  the  director  of  the  muséum  of  natural  history  in 
Simferopol,  an  institution  which  he  has  built  up  by  his  owti  labors. 
He  has  conducted  many  investigations  in  économie  entomology,  and 
has  published  a  number  of  papers  of  value.  Entirely  through  his 
influence  the  Crimea,  a  most  fertile  country,  in  which  great  attention 
is  devoted  to  fruit  growing,  was  perhaps  the  earliest  locality  in  Europe 
in  which  American  ideas  in  économie  entomology  were  introduced. 
It  was  most  interesting  to  walk,  as  I  did  on  several  occasions,  through 
enormous  orchards  and  see  everywhere  American  spraying  machinery, 
and  see  the  crops  in  as  good  condition  as  they  could  possibly  be  found 
in  the  most  up-to-date  région  in  the  United  States. 

There  are  other  similar  stations  subsidized  by  the  government  in 
différent  parts  of  Russia,  and  the  problem  of  injurions  insects  is 
handled  with  intelligence,  with  a  full  knowledge  of  what  has  been  done 
in  other  countries,  and  with  much  ingenuity. 

In  addition  there  is  at  St.  Petersburg  a  zoôlogical  laboratory  and 
muséum  under  the  Royal  Institute  of  Forestry,  of  which  M.  Cholod- 
kowsky,  a  man  of  high  ability,  is  director.  He  has  two  assistants  and 
handles  ail  matters  relating  to  forest  zoology.  The  assistants  are 
Head  Forester  A.  Ssilantjew,  and  Head  Forester  P.  Spessiwzew. 


FiNLAND 

This  administrative  province  of  Russia  had  made  an  attempt  at 
the  time  of  the  writing  of  the  last  Address  to  secure  the  establishment 
of  an  entomological  experiment  station.  This  attempt  later  proved  to 
be  successful.     For  some  years  the  most  advanced  agricultural  in- 
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struction  has  been  given  at  the  University  at  Helsingfors,  where 
économie  entomology  is  représentée!  by  a  spécial  teacher  who  gives 
regular  courses  of  lectures,  is  at  the  head  of  a  spécial  laboratory,  is  the 
government  entomologist,  and  as  such  is  the  head  of  the  entomological 
department  of  the  agricultural  experiment  station.  This  institution 
thus  far  has  had  only  provisional  quarters,  but  will  be  more  fully 
organized  and  equipped  in  the  autumn  of  1908.  In  the  new  building 
to  be  erected  ample  laboratory  space  will  be  given,  and  a  spacious 
insectary  will  be  erected,  with  an  isolated  building  for  fumigation 
experiments.  Enzio  Reuter,  a  well-known  writer  on  économie  ento- 
mology, is  in  charge  of  this  work  in  Finland;  and  with  the  additional 
facilities  expected  there  are  sure  to  be  more  than  commensurate  results 
of  practieal  value. 

South  America 

Outside  of  the  field  of  the  investigation  of  mosquitoes,  excellent 
work  on  whieh  has  been  done  by  Lutz  and  Goeldi  of  Brazil,  the 
situation  is  much  the  same  as  it  was  in  1S94,  Since  that  time,  how- 
ever,  an  important  investigation  of  the  locust  ravages  in  Argentina  was 
made  by  a  North  American  entomologist,  Lawrence  Bruner,  whose 
expenses  were  paid  by  an  association  of  merchants  in  Buenos  Aires. 
An  admirable  report  was  published,  whieh  does  crédit  to  American 
entomology.  Subsequently  the  well-known  French  entomologist,  J. 
Kiinckel  d'Herculais,  was  employed  to  continue  thèse  investigations, 
whieh  he  did  with  the  suceess  to  be  expected. 

Quite  recently  the  government  of  Chile  has  undertaken  systematic 
work  in  économie  entomology,  and  has  appointed  a  young  native 
seientifie  man,  INI.  Rivera,  professor  of  entomology  at  the  Santiago 
Agricultural  School,  to  take  charge  of  this  work,  and  to  establish  a 
government  research  laboratory  at  Santiago.  Rivera  has  just  visited 
Europe  and  is  at  présent  in, the  United  States,  informing  himself  as  to 
methods,  books,  machinery  and  equipment,  and  is  arranging  for  an 
exehange  of  useful  insects  between  Chile  and  the  other  countries. 

In  the  1894  address  the  important  earlier  work  of  Edwyn  C.  Reed 
was  mentioned  and  it  is  interesting  to  note  that  at  the  présent  time 
his  second  son,  Charles  S.  Reed,  natural  history  professor  at  the 
Concepcion  Agricultural  and  at  other  collèges,  is  interesting  himself  in 
économie  entomology.  He  has  written  several  pamphlets  on  noxious 
insects  and  on  Chilean  birds  that  hâve  been  published  at  his  own 
expense. 

South  Africa 

Great  progress  has  been  made  in  this  part  of  the  world  since  the 
publication  of  the  last  Address.    In  1895  C.  P.  Lounsbury,  of  Massa- 
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chusetts,  was  appointed  entomologist  to  the  government  of  the  Cape 
Colony.  His  work  was  excellent  from  the  start.  He  lias  conducted 
investigations  of  a  high  value  to  the  colony,  and  to  the  whole  of  South 
Africa.  Governmental  confidence  in  his  ability  has  been  shown  by 
increased  facilities;  he  now  has  four  assistants,  a  clerk,  five  hands  for 
rough  work,  and  various  other  assistants  when  needed  ;  this  is  for  the 
ordinary  work  of  the  office.  In  addition  législative  action  provides  for 
nursery  inspection  and  restrictions  on  the  transporta tion  of  plants,  and 
in  other  directions.  The  animal  diseases  experiment  station  is  entirely 
under  the  charge  of  the  office,  and  sunis  hâve  been  appropriated  for 
locust  destruction.  The  work  done  by  Lounsbury  has  been  of  most 
varied  character,  and  of  the  most  excellent  quality;  his  investigation 
of  the  South  African  ticks  has  been  of  striking  value,  and  a  model 
for  investigators  in  other  parts  of  the  world. 

In  Natal  Claude  Fuller  ranks  as  government  entomologist  and 
chief  locust  officer  ;  he  is  also  a  chief  inspector  under  the  plant  diseases 
act,  and  the  officer  administering  the  burr-weeds  and  Scotch-thistle 
exterminating  acts.  He  has  two  assistants,  A.  E.  Kelley  and  von 
Pelser  Berensberg.  Berensberg  is  located  at  Durban,  and  is  port 
examining  officer,  inspecting  and  treating  ail  shipments  of  fruit  and 
fruit  trees  and  plants  entering  the  port  for  Natal  and  the  inland 
colonies.  The  laboratory  facilities  are  poor,  but  excellent  work  has 
been  done  by  Fuller  and  his  force. 

In  the  newly  established  colony  of  the  Transvaal  a  department  of 
agriculture  was  immediately  established,  and  C.  B.  Simpson,  of  the 
force  of  the  Bureau  of  Entomology  at  Washington,  was  sent  ont 
to  take  the  appointment  as  entomologist.  Simpson  did  excellent 
work  from  the  very  outset  ;  he  took  hold  of  the  problems  existing  — 
and  some  of  them  were  very  serions  —  with  energy,  enthusiasm  and 
tact  beyond  praise.  His  success  was  great  ;  he  secured  the  confidence 
of  his  constituency  at  once  ;  he  w^as  given  assistance  ;  he  conducted  in- 
vestigations on  the  ordinary  crop  pests,  upon  the  malarial  mosquitoes, 
and  finally  was  given  a  large  sum,  amounting  to  $60,000,  for  locust 
destruction.  In  this  destruction  work  he  was  very  successful;  in  fact, 
it  seems  safe  to  say  that  his  work  in  this  direction  was  the  most  impor- 
tant that  has  ever  been  done  against  insects  of  this  class.  His  death 
from  typhoid  fever,  which  occurred  in  the  autumn  of  1900,  was  a  great 
loss  to  the  Transvaal,  and  a  great  loss  to  économie  entomology.  I  hâve 
not  learned  that  his  successor  has  been  appointed,  but  whoever  he  is, 
or  may  be,  he  will  find,  or  will  hâve  found,  that  his  work  has  been  made 
easy  for  him  by  the  labors  of  Simpson. 

AUSTRALIA 

The  Australian  States  of  Victoria,  New  South  Wales,  Queensland, 
South  Australia  and  Tasmania  hâve  ail  continued  to  interest  them- 
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selves  to  a  very  considérable  extent  in  économie  entomology;  and 
West  Australia  has  taken  up  the  problem,  though  in  quite  a  dif- 
férent way. 

In  Victoria  Charles  French  continues  to  hold  the  office  of  entomol- 
ogist  to  the  government  and  continues  his  excellent  work,  publishing 
from  time  to  time  upon  insects  injurions  to  végétation.  His  hand- 
book  on  the  Destructive  Insects  of  Victoria,  of  which  the  first  part  was 
published  in  1S91  and  the  second  in  1S93,  has  been  continued  ;  and  the 
third  part,  published  in  1903,  in  additipn  to  injurions  insects  takes  up 
the  considération  of  certain  valuable  insect-destroying  birds. 

In  Tasmania  the  work  was  continued  until  comparatively  recently, 
but  I  hâve  heard  nothing  in  the  last  few  years  from  that  state. 

In  South  Australia  J,  G.  O.  Tepper,  in  charge  of  the  entomo- 
logical  department  of  the  South  Australia  INIuseum,  has  acted  as 
Consulting  entomologist  for  the  agriculture  department,  although  he 
is  not  now  officially  connected  with  the  subject  of  applied  entomology 
in  that  state.  In  1894  George  Quinn,  horticultural  instructor  and 
chief  inspector  of  fruit  under  the  so-called  "vine,  fruit  and  vegetable 
protection  act,"  became  connected  with  the  department  of  agriculture 
for  the  purpose  of  carrying  ont  the  law  and  trying  in  a  gênerai  way 
to  place  horticulture  on  a  sound  footing.  This  law  empowered  the 
authorities  to  deal  with,  and  regulate,  the  introduction  into  the  state 
of  fruits,  plants,  insects  and  diseases,  and  to  make  regidations  for  en- 
forcing  attention  to  any  which  might  be  already  found  injuring  plant 
life  in  the  state,  or  which  might  from  time  to  time  be  introduced  into 
the  state.  The  law  has  been  enforced  in  regard  to  the  codling  moth 
and  the  red  scale,  and  a  System  of  supervision  has  gradually  been 
initiated  over  ail  the  imported  fruits  and  plants.  They  hâve  pro- 
hibited  the  introduction  of  grape  vines  or  portions  thereof,  and  hâve 
set  aside  Adélaïde  as  the  sole  port  of  entry  of  fruits  and  plants.  Plants 
sent  by  parcels  post  are  inspected  and  examined.  Disinfection  by 
hydrocyanic  acid  gas  is  carried  on  and  charges  are  imposed  on  the 
importer  covering  the  expenses  incurred.  Démonstrations  and  spray- 
ing  experiments  hâve  been  carried  on  in  the  orchards  and  gardens  of 
South  Australia  under  Quinn 's  direction,  and  much  work  has  been 
donc  during  the  last  ten  years  in  testing  remédies,  publishing  bulle- 
tins, and  in  giving  lectures  and  personal  advice.  Quinn  has  three 
permanent  assistants  dealing  with  exports  and  imports.  Moreover, 
about  nine  inspectors  for  orchard  districts  hâve  been  and  will  be 
employed.  Thèse  men  are  selected  from  the  best  informed  fruit 
growers  in  each  district  and  are  employed  about  six  months  in  the 
year.  Quinn  also  acts  as  instructor  in  horticultural  matters  and 
expends  in  his  brandi  of  the  service  about  $8,000  a  year. 

In  New  South  Wales  W.  W.  Froggatt,  on  the  death  of  A.  Sidney 
Olliff,  was  appointed  government  entomologist  and  attends  to  ail  of 
the  correspondence  on  that  subject,  travels  through  the  State  making 
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investigations,  lectures  on  économie  entomology,  has  an  insectary 
wliere  the  necessary  breeding  tests  are  carried  on,  and  has  a  laboratory 
and  office  in  Sydney.  The  results  of  his  investigations  are  detailed  in 
articles  published  in  the  New  South  Wales  Agricidtural  Gazette,  and  a 
short  annual  report  is  also  published  in  the  Gazette.  Froggatt  left 
New  South  Wales  as  a  représentative  of  the  whole  Australian  fédéra- 
tion with  letters  of  introduction  from  the  différent  premiers  and  the 
différent  departments  of  agriculture  of  the  individual  States,  on  the 
eighth  of  July,  last,  for  a  visit  to  the  United  States  and  other  countries. 
He  is  an  admirably  equipped  man  of  broad  knowledge  in  the  whole 
field  of  natural  history  and  has  achieved  admirable  results  in  his 
investigations.  His  recently  published  volume  (Australian  Insects) 
shows  his  very  compétent  grasp  of  the  subject  and  his  industry  as  a 
worker. 

At  the  Hawkesbury  Agricultural  Collège  in  New  South  Wales  — 
a  government  institution  under  the  department  of  agriculture  — 
économie  entomology  is  dealt  with  as  one  of  the  subjects,  and  a  coursé 
of  thirty-two  lectures  and  fifteen  practical  exercises  is  gone  through 
durino;  the  second  vear  of  the  student's  résidence.  The  work  covers 
instruction  in  insect  structure,  chief  pests,  useful  insects  and  treat- 
ment,  the  latter  being  well  illustrated  in  practice  by  orchard  opéra- 
tions carried  on  in  an  up-to-date  manner.  This  work  is  under  the 
charge  of  Charles  T.  Musson,  who,  however,  covers  in  his  work 
botany,  vegetable  pathology  and  nature  study,  with  one  gênerai 
assistant. 

During  the  past  year  a  bill  passed  the  New  South  Wales  Législa- 
ture giving  power  to  enforce  certain  action  relative  to  the  codling 
moth  and  fruit  fly,  and  inspectors  to  carry  out  the  work  hâve  been 
appointed.  The  fruit  expert  of  the  department  carries  on  a  good  deal 
of  work  in  fumigation  and  spraying,  mostly  for  démonstration  and 
instruction  purposes,  in  the  course  of  his  travels  throughout  the  State, 
and  the  subject  is  being  introduced  into  the  schools  as  a  part  of  nature 
study. 

In  Queensland  Henry  Tryon,  whose  excellent  publications  are 
well  known  to  American  entomologists,  is  still  connected  with  the 
department  of  agriculture  as  entomologist  and  vegetable  pathologist, 
as  well  as  inspector  under  the  Diseases  of  Plants  Act.  He  supervises 
ail  plant  importations  and  exportations,  and  has  no  assistants.  His 
offices  are  in  the  department  of  agriculture  in  the  center  of  the  city  of 
Brisbane,  and  he  has  slight  opportunity  for  field  expérimentation. 
At  the  time  of  the  last  address  Tryon  was  an  assistant  curator  in  the 
Queensland  Muséum,  but  was  appointed  to  the  department  of  agri- 
culture in  1895. 

In  West  Australia  the  entomological  work  is  done  largely  by 
George  Compère,  who  acts  in  the  dual  capacity  of  expert  of  the  de- 
partment of  agriculture,  and  as  a  traveling  agent  of  the  state  board  of 
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horticulture  of  California.  Compère  is  an  enthusiastic  believer  in  the 
efficacy  of  introduced  parasites,  and  pays  slight  attention  to  other 
remédiai  measures. 


British  West  Indies 

The  situation  in  the  British  West  Indies  has  changed  radically 
since  the  publication  of  the  former  address.  The  Impérial  Depart- 
ment of  Agriculture  for  the  West  Indies  was  organized  in  1898,  and 
Sir  Daniel  Morris  was  appointed  commissioner.  The  department 
was  originally  established  for  ten  years,  but  has  since  been  extended 
for  a  further  period  of  five  years  ;  that  is  to  say,  until  October  1,  1913. 

During  1899  an  entomologist  was  appointed,  H.  Maxwell  Lefroy, 
who  has  since  been  transferred  to  India.  Henry  A.  Ballou,  of  Massa- 
chusetts, was  appointed  to  succeed  him  in  Mardi,  1903;  lie  has  no 
assistants  beyond  a  single  preparator.  Ballou  has  donc  good  work  in 
investigating  injurions  insects  of  the  territory  over  which  the  depart- 
ment extends,  and  publishes  entomological  information  in  the  varions 
periodicals  and  reports  of  the  department,  as  well  as  in  a  fortnightly 
review,  known  as  the  Agricultiiral  News,  which  contains  popular 
insect  notes.  More  technical  papers  appear  in  the  West  Indiaii  Bulle- 
tin, a  quarterly  journal. 

In  the  British  Atlantic  Islands  outside  of  the  control  of  the  Im- 
périal Department  of  Agriculture,  such  as  Bermuda  and  the  Bahamas, 
no  officiai  work  in  économie  entomology  seems  to  be  carried  on.  In 
Bermuda,  however,  at  the  présent  tinie,  under  the  Agricultural  Society 
of  the  island,  a  most  interésting  experiment  is  under  way,  as  I  ani 
informed  by  Ambrose  Goslin  the  président  of  the  society,  and  Claude 
W.  McCallan,  an  old  correspondent  of  the  Bureau  of  Entomology  at 
Washmgton.  The  fruit  fly  of  Bermuda  and  other  places  {Ceratitis 
capitofa  Wied.),  referred  to  in  a  short  illustrated  article  in  Insect  Life, 
Vol.  III.,  pp.  5-8  (1890),  has  increased  so  greatly  and  has  beconie 
so  injurions  as  to  warrant  the  most  radical  means  of  destruction. 
During  the  présent  year  ail  fruit  of  the  island  known  to  be  afîected 
by  this  insect  has  been  rigorously  destroyed  in  the  effort  to  leave  not  a 
single  opportunity  for  the  insect  to  breed  this  year.  This  is  an  effort 
at  extermination  and  its  results  will  be  foUowed  with  the  greatest 
interest  by  ail  persons  interested  in  entomology  and  fruit  culture. 
The  only  comparable  experiment  known  to  the  writer  was  carried  on 
some  years  ago  in  a  very  large  but  isolated  and  most  remunerative 
apple  orchard  in  South  Idaho  when  the  entire  crop  is  said  to  hâve  been 
destroyed  for  one  season,  with  the  resuit  that  the  codling  moth  in  that 
région  was  exterminated. 
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India 

In  India  in  1894  the  principal  work  in  économie  entomology  had 
been  done  by  E.  C.  Cotes,  in  charge  of  the  entomological  collections 
of  the  Indian  IMuseum  in  Calcutta.  Some  three  volumes  of  the  valua- 
ble  Indian  Muséum  Noies  had  been  published  at  that  time,  and  a 
number  of  spécial  reports  had^also  been  sent  out  dealing  with  éco- 
nomie problems  in  entomology.  Since  Cotes's  retirement  the  work 
has  been  continued,  and  although  the  important  Indian  Muséum 
Notes  hâve  not  been  issued  so  frequently,  they  are  still  published. 
There  hâve,  however,  grown  up  two  important  branches  of  entomo- 
logical service  —  the  one  established  in  1901,  when  E.  P.  Stebbing 
was  appointed  forest  entomologist  to  the  government  of  India;  and 
the  other  in  1903,  when  H.  INIaxwell  Lefroy  was  appointed  entomolo- 
gist to  the  government  of  India,  or,  rs  appears  from  his  la  ter  reports 
(Impérial  Entomologist),  leaving  his  position  in  the  British  West 
Indies  to  be  succeeded,  as  is  shown  elsewhere,  by  H.  A.  Ballon.  By 
Stebbing  has  been  published  a  séries  of  circulars  on  agricultural 
économie  entomology  issued  by  the  trustées  of  the  Indian  Muséum. 
Under  Maxwell  Lefroy  has  been  started  an  entomological  séries  of 
the  memoirs  of  the  Department  of  Agriculture  in  India,  beginning 
with  April,  1906.  Five  numbers  hâve  appeared,  the  last  one  bearing 
the  date  June,  1907.  Stebbing  has  also  published  certain  forest 
bulletins  dealing  with  tree-boring  beetles.  In  addition  to  thèse  ap- 
pointments,  E.  Ernest  Green,  well  known  for  his  able  studies  on  the 
Coccidœ,  has  been  made  government  entomologist  for  Ceylon  with 
headquarters  at  the  Royal  Botanic  Gard  en  at  Peradenyia,  Ceylon,  an 
admirable  step  and  an  appointment  which  Green  cannot  fail  to  fill 
in  the  most  satisfactory  manner. 

Hawaii 

Great  advances  hâve  been  made  in  Hawaii.  This  country  at 
the  time  of  the  last  address  was  a  republic  and  is  now  a  dependency 
of  the  United  States.  An  Agricultural  Experiment  Station,  under 
the  Office  of  Experiment  Stations  of  the  U.  S.  Department  of  Agri- 
culture, has  been  established  and  a  very  compétent  entomologist,  INIr. 
D.  L.  Van  Dine,  has  been  placed  in  charge  of  the  entomological 
work  of  the  Station.  Mr.  Van  Dine  is  a  well-trained  man,  and  has 
done  effective  work,  and  has  published  a  number  of  important  bul- 
letins. There  is  further  a  compétent  inspection  of  introduced  plants 
carried  on  at  the  port  of  Honoluhi,  under  the  charge  of  Mr.  Alex- 
ander  Craw,  so  well  known  for  his  similar  work  in  San  Francisco. 
Further  than  this,  the  Hawaiian  Sugar  Planters'  Association  has  es- 
tablished a  well-equipped  laboratory  under  the  direction  of  Mr.  R. 
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E.  L.  Perkins  with  compétent  assistants.  The  main  énergies  of 
this  station  hâve  been  devoted  to  the  introduction  of  parasitic  insects, 
and  much  success  in  this  direction  is  announced  in  the  excellent 
publications  of  the  laboratory. 


Conclusion 

Looking  over  the  whole  field,  it  becomes  ob\àous  that  very  great 
advances  hâve  been  made  in  économie  entomology  in  the  last  thirteen 
years  ;  greater  advances,  in  fact,  than  during  the  entire  previous  his- 
tory  of  the  study.  It  becomes  obvious,  also,  that  the  greatest  ad- 
vances hâve  been  made  in  the  United  States  of  America.  In  spite  of 
this  fact,  however,  it  is  plain  that  the  United  States  is  behind  most  of 
the  other  countries  of  the  world  in  one  most  important  particular. 

Six  years  ago,  visiting  Hamburg,  I  found  a  most  perfect  System  of 
inspection  of  ail  foreign  fruits,  trees  and  fruit  products  in  opération, 
Nothing  containing  or  carrying  an  insect  was  allowed  to  enter  Ger- 
many  through  that  port.  To-day  this  holds  true  of  most  other  coun- 
tries. Even  in  the  colony  of  Natal,  as  has  been  pointed  ont,  there  is  a 
qualified  agent  stationed  permanently  at  Durban,  and  his  work  pro- 
tects  Natal  and  the  inland  colonies  from  invasion  by  new  insect  pests 
and  new  plant  diseases  from  abroad. 

In  the  United  States  we  hâve  no  such  protection,  except  the  one 
port  of  San  Francisco,  where  under  the  state  law,  that  has  been  up- 
held  in  the  courts,  California  is  protected.  A  crying  need  in  this 
country  is  the  passage  of  a  gênerai  quarantine  act  by  which  the  other 
great  sea  ports  of  the  United  States  should  be  protected. 


POLYMORPHISM    IN  HEMIPTERA    AND    SOME    OF 
ITS    SIGNIFICANCES* 

HERBERT   OSBORN 

The  phenomena  of  dimorphism  and  polymorphism  so  com- 
monly  foiind  in  varions  groups  of  animais  are  especially  conspicuous 
in  this  order  of  insects,  and  while  there  are  fréquent  parallels  with 
conditions  presented  in  other  groups,  I  believe  an  examination  of 
some  of  the  phases  shown  and  a  comparison  among  the  différent 
families  and  gênera  may  be  of  such  service  in  the  interprétation  of 
certain  factors  of  adaptation  as  to  hâve  an  interest  to  students  of  the 
biological  features  of  insect  hfe. 

Probably  nearly  every  phase  of  polymorphic  divergence  may  be 
found  among  the  différent  représentatives  of  the  group,  and  our  few 
ilhistrations  must  be  selected  from  among  a  number  of  similar  or 
parallel  cases.  The  most  fréquent  and  conspicuous  forms  are  found 
in  the  macropterous,  micropterous,  and  apterous  conditions  in  wing 
structure;  thèse  being  sometimes  sexual,  sometimes  seasonal,  and 
in  some  cases  adaptive,  showing  apparent  "mimicry,"  or  protective 
resemblance,  both  in  form,  coloration  and  markings. 

A  hasty  review  of  the  groups  shows  such  conditions  among 
Cicadidse  where  the  13-  and  17-year  races  may  be  cited  as  an  excep- 
tional  form.  In  the  Membracidse  we  hâve  cases  of  horned  and  un- 
armed  forms  as  in  Platycotis  and  color  forms  as  in  Thelia  bimaculata. 
In  Fulgoridae  an  immense  number  of  species  show  macropterous 
and  micropterous  or  apterous  forms,  which  in  many  cases  show  the 
best  of  évidence  of  having  independent  origin  in  the  différent  gênera, 
e.  g.,  Bruchomorpha,  Pissonotus,  Liburnia,  Prokelesia,  etc.  Danep- 
teryx  shows  réduction  by  wing  narrowing,  an  exception  to  the  rule 
of  wing  shortening.  The  Jassidœ  show  numerous  cases  of  wing 
réduction,  both  macropterous  and  micropterous  forms  occurring  in 
many  species,  often  with  very  wide  sexual  différences.  Striking 
examples  (as  shown  in  slides)  are  to  be  noted  in  Driatura,  Lonatura, 
and  Dorycephalus. 

Among  Aphididae,  examples  are  so  numerous  and  so  well  known 
that  we  need  not  dwell  upon  them,  but  call  attention  to  the  associa- 
tion with  thèse  polymorphisms  of  alternations  of  food  plant  relations 
to  ants,  and  other  adaptations.    We  may  also  note  the  development 

*  This  paper  was  illustrated  and  exemplified  by  a  séries  of  lantern  slides. 
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of  thèse  with  changes  that  must  hâve  come  by  slow  degrees  as  from 
aërial  to  subterranean  Hfe,  and  alternations  between  aërial  or  arboreal 
and  subterranean  or  root-infesting  stages. 

Coccidse  show  a  most  extrême  sexual  dimorphism,  the  females 
being  wingless  and  usually  fixed,  the  maies  winged  when  adult. 

Passing  to  Heteroptera,  we  see  in  Hydrometridœ,  macropterous 
and  apterous  individuals,  and  among  Nabidae  distinct  sexual 
dimorphs. 

The  Lygœidse  include  many  cases,  especially  of  wing  réduction 
or  modification;  but  the  common  chinchbug,  Blissus  leucopterous, 
furnishes  an  instructive  example.  Hère  we  hâve  a  long  winged  form, 
the  more  primitive  I  assume,  and  wing  réduction  exhibited  in  varions 
degrees.  The  short  winged  condition,  wliere  at  ail  gênerai,  lias  been 
associated  with  permanent  food  supply,  as  in  meadows  of  perennial 
grasses,  the  long  winged  forms  capable  of  migration,  with  annual 
plants. 

In  Capsidœ,  Sericophanes  ocellatus  Reut.  shows  striking  dimor- 
phism in  wing  structure  between  sexes,  and  two  very  distinct  female 
forms  as  also  striking  similarity  in  appearance  to  ants. 

Coquitetfia  mimeiica  Osb.  is  still  more  extrême,  the  wings  in  the 
female  entirely  wanting,  and  resemblance  to  ants  most  perfect,  in 
maie,  the  wings  of  fuU  length,  and  with  little  superficial  resemblance 
to  ants. 

The  présentation  of  thèse  cases  would,  however,  be  hardly  justi- 
fied  if  presented  simply  as  so  many  more  instances  of  a  common 
feature  of  insect  life.  They  appear  to  me,  however,  to  hâve  some 
interesting  significances  if  studied  with  référence  to  their  mode  of 
origin  or  as  problems  in  the  évolution  of  species.  They  présent  at 
least  certain  complex  cases  that  must  be  accounted  for  in  any  gênerai 
tlieory  of  évolution  and  a  correct  interprétation  of  their  significance 
would  certainly  throw  light  on  similar  évolutions  in  other  groups. 

The  fact  that  such  a  great  number  of  cases  occur  in  différent 
gênera  where  the  réduction  of  wing  must  hâve  had  independent 
origin  is  certainly  most  suggestive  of  some  gênerai  underlying  factor 
or  influence,  and  it  appears  to  me  that  this  is  to  be  sought  for  in  the 
adaptations  to  permanent  food  supply  of  possibly  a  restricted  kind. 
That  is,  a  phase  of  sedentary  habit  results  from  abundant  and  per- 
manent food  supply  and  with  this  a  tendency  to  wing  réduction  or 
degeneration.  That  this  is  derived  from  a  more  primitive  full-winged 
condition  in  ancestral  forms  of  more  varied  food  supply,  seems  to 
me  almost  beyond  question,  and  this  wing  réduction,  as  in  many 
other  insects,  afïects  most  profoundly  the  female;  in  many  instances, 
of  course,  rétention  of  wings  by  maie  furnishing  practically  the  only 
means  for  mating. 

It  appears  also  that  thèse  cases  must  be  significant  in  questions 
of  continuons  or  discontinuons  variation,  and  I  am  impressed  with  the 
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gênerai  évidence  of  graduai  changes  along  certain  Unes  and  in  the 
direction  of  certain  adaptations.  In  fact,  it  seeras  very  hard  to  explain 
some  of  thèse  adaptations  on  any  possible  basis  of  saltatory  variation, 
or  without  some  récognition  of  the  principle  of  orthogenesis. 


SUMMARY. 

1.  Dimorphism  and  polymorphism  in  ail  cases  means  specializa- 
tion  from  more  gênerai  forms  where  such  polymorphisms  did  not 
occiir. 

2.  Wing  réduction,  so  common  a  phenomenon  in  so  many  widely 
separated  groups,  points  to  some  common  controlling  factor  or 
factors,  and  one  of  thèse,  I  believe,  must  be  associated  with  adapta- 
tions to  food  supply. 

3.  Often,  apparently  a  complex  of  factors  exists,  the  poly- 
morphism possibly  first  originating  in  an  adaptation  to  some  partic- 
ular  food  supply,  and  then  being  seized  upon  by  another  factor, 
such  as  protective  resemblance,  which  may  difîer  in  the  two  sexes, 
or  for  larval  or  adult  stages,  and  if  the  insect  is  double-brooded, 
there  may  be  a  still  further  adjustment  to  seasonal  environment. 

4.  Polymorphism  shows  graduai  modification  and,  to  me,  favors 
the  idea  of  continuons,  rather  than  discontinuons,  variation. 

5.  Some  of  thèse  polymorphic  forms  would  seem  to  furnish  ex- 
cellent subjects  for  expérimental  work  on  variation,  and  a  study  of 
the  minute  détails  of  genitalia  and  of  the  chromosomes  would 
doubtless.  give  interesting  results. 


THE  INFLUENCE  OF  MINIMUM  TEMPERATURES  IN 
LIMITING  THE  NORTHERN  DISTRIBUTION  OF 
INSECTS 

(Abstr.\ct) 
E.   DWIGHT   SANDERSON 

Records  of  the  mortality  of  the  larvse  of  the  Brown  Tail  Moth 
(Euproctis  chrysorrhœa)  from  various  points  in  New  Hampshire  and 
Maine  show  that  a  minimum  température  of  from  —  24°  to  —  40°  F. 
usually  results  fatally  to  those  in  average-sized  nests.  Experiments 
by  Grevillius  showed  that  the  larvœ  in  nests  could  not  hve  at  below 
—  32°  to  —35°  F.,  and  his  records  of  the  northern  distribution  of 
this  species  in  Europe  show  that  it  does  not  exist  north  of  the  isotherm 
of  the  annual  minimum  —32°  F.  This  raises  the  query,  may  not 
minimum  températures  be  a  factor  in  determining  the  northern  hmit 
of  insect  Ufe  ?  Accompanying  maps  show  isotherms  of  the  absolute 
minimum  average-annual-minimum,  and  maximum  annual-mini- 
mum  températures  for  the  eastern  United  States.  The  average 
annual-minimum  isotherms  show  considérable  agreement  with  the 
boundaries  of  the  Hfe  zones  of  Dr.  C.  Hart  IVIerriam,  but  also  notable 
différences,  Three  objections  are  raised  to  the  law  upon  whicli  Dr. 
Merriam  has  based  the  northern  boundaries  of  his  hfe  zones,  i.  e., 
that  northern  spread  is  determined  by  the  sum  of  the  positive  tem- 
pératures for  the  season  of  growth  and  reproduction.  First,  there 
is  sufficient  summer  température  for  many  more  southerly  insects  to 
reproduce  in  New  Hampshire,  which  do  not  occur  there.  Second, 
this  holds  true  even  if  the  températures  be  accumulated  above  the 
true  "critical  point"  of  the  species  rather  than  above  43°  F.  as  by 
Dr.  Merriam.  Third,  the  hardiness  of  phmts  is  fully  as  important 
a  factor  in  determining  their  northern  hmits  as  the  length  or  tempér- 
ature of  the  summer  season.  The  Harlequin  Cabbage  Bug  (Mur- 
gantia  histrionica),  Cotton  Boll  Worm  (Heliothis  obsolefa),  and 
Asparagus  Beetle  {Cri&ccris  osparagi),  ilhistrate  thèse  points,  and 
évidence  is  given  that  the  northern  spread  of  thèse  insects  is  deter- 
mined by  the  winter  cold.  The  influence  of  cold  on  the  San  José 
Scale  {Aspidiotus  perniciosus),  West  Indian  Peach  Scale  (Aulacaspis 
pentagona),  Cotton  Boll  Weevil  (Anthonomus  grandis),  Morellos 
Orange  Fruit  Worm  (Anastrepha  ludens  Loew),  is  recorded  and 
shows  that  they  are  killed  out  by  certain  minimum  températures 
for  each  species 
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A  comparison  of  the  known  distribution  of  sevcral  of  the  above 
species  shows  that  their  northern  lirait  foUows  rather  more  closely 
the  isotherms  of  the  average  annual-minimum  températures  than 
the  Hfe  zones  of  Dr.  Merriam. 

It  is  conchided  that  (1)  the  présent  Upper  Austral  zone  does 
not  extend  far  enough  to  the  northeast  and  extends  too  far  to  the 
northwest;  that  (2)  there  is  strong  évidence  against  the  effective 
température  of  the  growing  season  being  the  only  or  main  factor  in 
controlling  the  northern  limits  of  life  areas;  and  (3)  that  minimum 
températures  often  limit  northern  distribution. 


THE   INFLUENCE    OF   CIVILIZATION   ON   HUMAN 
ZOÔ-PARASITIC    DISEASES 

HENRY  B.   WARD 

Animals  affect  man  nowhere  more  adversely  than  in  those  re- 
lations in  which  they  appear  as  the  agents  in  producing  or  trans- 
mitting  disease.  The  intimate  connection  of  such  animals  with 
human  welfare  is  only  imperfectly  investigated  as  yet,  but  the  advance 
in  our  knowledge,  especially  in  very  récent  years,  is  sufficient  to 
indicate  the  importance  of  thèse  problems  for  the  future  of  man- 
kind.  The  ultimate  end  of  applied  zoology  is  evidently  in  some 
direction  the  advantage  of  the  human  race,  hence  a  considération 
of  those  factors  in  the  social  and  économie  life  of  man  which  modify 
the  natural  abundance  and  influence  of  the  disease  creating  and 
increasing  organisms  is  appropriate  for  this  section. 

To  understand  the  question  it  is  necessary  to  pass  briefly  in 
review  the  methods  of  the  transmission  and  increase  of  such  animal 
organisms  as  are  related  to  disease.  Rarely  does  the  parasite  itself 
attack  a  new  host;  its  introduction  is  occasionally  due  to  active 
migration.  More  usually,  however,  the  eggs,  spores,  or  resting  stages 
are  introduced  by  chance  in  dirt,  in  water,  or  on  food.  Such  con- 
stitute,  again,  not  accidentai  but  regular  éléments  of  certain  food 
material,  and  are  also  introduced  through  the  attaclvs  of  an  infected 
insect,  for  instance,  which  by  its  bite  or  by  oviposition  brings  the 
infecting  élément  into  a  suitable  position  for  development.  The 
introduction  and  spread  of  disease-producing  animals  is  aided  or 
encouraged  by  careless  personal  habits  and  by  communal  practices 
which  open  the  way  for  infection  and  insure  the  transmission  to 
new  hosts  of  parasites  which  chance  to  infect  the  single  individual. 

While  the  exact  mode  of  infection  is  in  many  cases  as  yet  un- 
known,  yet  one  cannot  doubt  (see  Blanchard,  1900)  that  uncooked 
food  and  drinking  water  are  among  the  factors  primarily  responsible 
for  the  transfer  to  a  new  host. 

Thèse  facts  regarding  the  transmission  of  the  zoo-parasitic  dis- 
eases  must  now  be  brought  into  relation  with  the  history  of  racial 
development  in  order  to  evaluate  properly  the  effects  of  the  latter 
upon  the  former.  Four  stages  in  social  évolution  are  important  in 
this  connection.  Through  a  period  of  scattered  individuals,  familles, 
and  mère  nomadic  tribes  man  rose  to  an  era  of  fixed  habitations, 
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in  which,  however,  the  communities  were  small  and  had  scant  inter- 
course with  eacli  otlier.  INIore  rapidly  than  in  the  former  case  thèse 
communities  became  ji;reater  and  greater  cities,  and  ultimately  entered 
upon  a  period  of  industrial  development  through  the  introduction 
of  machinery.  During  this  latter  phase  the  increase  in  means  of 
communication  has  brought  distant  communities  into  more  intimate 
contact  than  was  found  in  the  preceding  period  between  geographically 
contiguous  localities. 

We  are  accustomed  to  speak  of  this  séries  of  changes  as  the  ad- 
vance  of  the  human  race,  but  such  a  judgment  does  not  apply  equally 
to  ail  factors.  During  the  nomadic  period  man  avoided  uncon- 
sciously  much  of  the  danger  from  zoô-parasitic  diseases  by  constant 
movement,  and  the  isolation  of  familles  or  clans  made  even  seri- 
ons épidémies  self-terminating  within  narrow  limits.  Indiscriminate 
use  of  food,  improperly  prepared,  indifférence  to  the  source  and 
character  of  the  water  supply  and  to  gênerai  personal  hygiène,  as 
well  as  intimate  association  with  domestic  animais,  ail  tended  un- 
questionably  to  the  extension  of  the  hum^an  parasitic  fauna,  but 
there  was  no  way  in  which  the  excessive  infection  of  one  individual 
could  afFect  adversely  more  than  at  most  the  very  few  who  were 
intimately  associated  with  him;  and  the  custom  observable  even 
to-day  among  savage  tribes  of  deserting  such  individuals  as  become 
subject  to  disease  and  of  abandoning  habitation  and  furnishings  as 
weli  as  the  locality  constitute  an  évident  protection  against  the  spread 
of  such  diseases. 

With  the  assumption  of  a  fixed  habitat  the  dangers  from  animal 
parasites  were  greatly  increased.  Not  only  were  there  présent  ail 
the  dangers  of  the  previous  period  due  to  contaminated  food  and 
water  supply,  indifférence  to  personal  hygiène,  and  undue  intimacy 
with  domestic  animais,  but  the  infection  of  the  individual  was  now 
a  menace  which  the  community  had  no  means  to  avoid.  Food, 
water,  and  domestic  animais  became  more  badly  contaminated  ;  the 
life  cycle  of  the  parasites  was  filled  out  within  narrow  limits  of  time 
and  space,  until  parasitic  infection  reached  its  maximum  and  the 
community  was  periodically  devastated  by  parasitic  épidémies. 
There  can  be  no  doubt  that  under  thèse  conditions  a  type  of  racial 
immunity  was  produced,  though  at  the  cost  of  tremendous  loss  of 
life.  Such  conditions  as  thèse  may  be  found  to-day  in  many  semi- 
barbarous  communities,  especially  in  tropical  and  sub-tropical 
régions  where  the  natural  environment  is  most  favorable  to  the 
development  and  spread  of  zoo-parasitic  diseases.  Bad  as  thèse  con- 
ditions are,  they  do  not  présent  the  most  serions  efîects  of  such 
diseases  on  account  of  the  acquired  immunity  to  which  I  hâve  re- 
ferred,  for,  witness  the  introduction  of  a  new  disease  towards  which 
the  race  has  not  yet  acquired  even  relative  immunity;  it  is  followed 
by  conditions  such  as  must  hâve  prevailed  originally  for  ail  diseases 


608        VIL   INTERNATIONAL  ZOÔLOGICAL  CONGRESS 

caused  by  animal  parasites.  Such  a  disease  is,  I  think,  trypanoso- 
miasis,  or  sleeping  sickness  in  man,  which  for  some  years  lias  been 
extending  its  range  in  Africa  over  régions  where  previously  it  was 
apparently  entirely  unknown.  In  thèse  régions  it  lias  swept  off  in 
fact  millions  of  the  natives  and  lias  entirely  depopulated  large  areas. 
Its  universally  lethal  conclusion  is  évidence  of  its  newness  and  of 
tlie  entire  lack  of  tolérance  for  the  parasites  which  produce  it. 

Thèse  facts  serve  to  explain  the  conditions  which  obtain  in  more 
highly  civilized  nations,  and  which  often  are  exceedingly  unfavorable 
for  liuman  existence.  Chief  aniong  the  adverse  factors  in  civiliza- 
tion  is  the  excessive  size  of  the  community.  Tliat  overcrowding 
due  to  évident  limits  in  expense  and  distance,  the  common  source  of 
food  and  water  supplies,  and  the  gênerai  présence  and  abundance 
of  carrying  and  infecting  agents  such  as  Aies,  etc.,  expose  the  entire 
community  to  the  ignorance  and  carelessness  of  the  single  individual. 
Epidémies  spread  more  rapidly  and  widely  than  in  the  smaller 
communities.  Wliile  tliis  is  pre-eminently  true  of  diseases  caused 
by  bacteria,  yet  one  finds  a  distinct  parallel  in  outbreaks  of  trichino- 
sis,  of  tunnel  disease,  and  of  malaria,  as  well  as  of  other  zoo-parasitic 
diseases. 

The  second  adverse  factor  in  civilized  life  is  the  universal  range 
of  commerce  which  plays  an  important  rôle  in  the  transport  of  disease. 
Modem  methods  of  communication  transcend  ail  natural  barriers 
to  the  dispersai  of  animal  organisms.  In  the  means  provided  for 
the  comfort  of  man  they  ensure  such  disease-producing  germs  or 
their  transmitting  agents  ample  protection  against  the  adverse  in- 
fluences of  lieat,  cold,  light,  moisture,  or  drought,  and  at  the  same 
time  they  carry  thèse  organisms  witli  speed  to  new  environments 
where  they  may  find  conditions  suitable  for  existence.  Finally, 
through  the  introduction  of  domestic  animais,  as  well  as  through 
the  transport  of  infected  individuals  and  the  gênerai  intercourse 
of  once  widely  separated  races,  the  former  limits  of  zoo-parasitic 
diseases  are  being  entirely  wiped  out,  and  the  human  parasites  of 
one  géographie  area  are  reappearing  in  widely  distant  régions. 

This  introduction  of  new  human  parasites  is  not  always  effective 
in  infecting  new  areas.  Thus,  Filaria  loa,  the  African  eye-worm, 
lias  been  introduced  many  times  into  Europe  and  North  America 
without  as  yet  having  secured  a  footing  on  either  continent.  Dra- 
cuncvlus  medinensis ,  the  Guinea-worm,  was  brought  through  the 
slave  trade  into  South  America,  the  West  Indies,  and  the  United 
States.  In  the  latter  it  seems  never  to  hâve  become  established,  in 
the  \Yest  Indies  it  gained  a  temporary  footing,  and  in  some  parts 
of  South  America  it  became  endémie.  Such  instances  might  be 
multiplied. 

iVnother  adverse  factor  is  the  susceptibility  of  man  to  parasitic 
diseases.    INIention  has  already  been  made  of  a  certain  racial  indififer- 
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ence  to  animal  parasites,  which,  though  restinfji;  in  some  supposed 
cases  on  insufficient  or  incorrect  évidence,  nevertheless  does  actually 
exist  in  other  cases,  l'owards  newly  introdnced  parasites  there  is 
neither  inimunity  nor  tolérance,  hnt  on  the  contrary  inarked  sns- 
ceptibility.  'i'hns,  varions  observers  hâve  shown  tliat  the  ne()To 
is  relatively  indiffèrent  to  the  same  hook-worm  which  in  the  white 
race  prodnces  serions  ana^mia.  Now  the  American  hook-wonn  is 
believed  by  many  to  hâve  been  introdnced  into  tins  continent  froin 
Africa  witli  the  slave  trade,  and  in  this  case  would  be  to  the  white 
race  a  new  parasite.  But  this  is  not  the  only  élément  which  is 
important  in  this  connection.  The  character  of  modem  life  tends 
nndoubtedly  to  reduce  the  physical  condition  of  the  indivitlual, 
and  thus  his  powers  of  résistance.  Industrial  development  and 
conditions  of  employment  in  factories  both  increase  greatly  chances 
of  infection  with  certain  parasites  especially,  and  also  lower  still 
further  the  resisting  power  of  the  individual.  Some  types  of  em- 
ployment afîord  most  favorable  conditions  for  the  spread  of  cer- 
tain animal  parasites,  as  indicated  in  the  names  of  miners'  disease 
or  tunnel  disease,  caiised  by  Ancylostoma,  and  first  investigated 
in  connection  with  a  great  modem  enterprise,  the  St.  Gotthard 
Tunnel. 

The  final  adverse  factor  to  which  I  wish  to  call  attention  is  habit. 
This,  whether  national  or  individual,  is  largely  the  survival  of  ancient 
custom,  and  is  propagated  by  fashion  or  préjudice.  Where  rare 
beef  is  demanded,  Tœnia  saginata  is  common,  and  where  taste 
demands  inadequately  cooked  pork,  Tœnia  soliinn  and  trichina 
flourish.  Among  those  individuals  who  live  on  terms  of  greatest 
intimacy  with  pet  animais,  especially  dogs,  certain  other  parasites 
occur  which  are  much  less  fréquent  in  men  of  other  habits  or  âges. 
An  equally  unfortunate  custom  is  the  indifférence  or  carelessness 
which  permits  vagrant  dogs  to  roam  over  the  country,  spreading 
infection  widely,  or  that  false  économie  estimate  which  neglects  évident 
sanitary  précautions  against  the  infection  of  employées  in  varions 
occupations. 

First  among  the  factors  in  civilized  life  which  tend  to  reduce 
the  number  of  animal  parasites  must  nndoubtedly  be  named  greatly 
increased  care  in  the  préparation  of  food.  Cooking  l)ecomes  more 
gênerai  and  more  thorough  with  advancing  civilization,  and  even 
those  articles  of  food  which  aie  eaten  uncooked,  such  as  fruits,  salads, 
etc.,  custom  demands  shall  be  properly  washed  before  serving.  This 
increasing  fastidiousness  is  of  marked  importance  in  reducing  para- 
sitic  infection.  It  is  animated  by  the  same  motive  which  has  brought 
about  greater  concern  for  personal  cleanliness.  Regard  for  clean 
hands  and  finger  nails  reduces,  for  instance,  infection  with  the  whip- 
worm,  Trichuris,  to  the  minimum,  whereas  it  is  ail  but  universal 
among  those  persons  and  communities  neglectful  of  such  précautions. 
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Another  favorable  factor  of  early  influence  in  racial  history  is 
the  assumption  of  clothing,  which  becomes  more  effective  as  it  grows 
more  complète.  Covering  the  body  limitée!  considerably  chances 
of  attack  by  mosquitoes  and  other  biting  insects,  and  thus  lessened 
the  probability  of  acquiring  the  diseases  carried  by  siich  animais. 
The  assumption  of  foot  and  hand  coverings  diminishes  greatly 
opportunity  for  infection  with  the  hook-worm  and  with  Strongy- 
loides,  for  instance. 

Thèse  influences  are  largely  partial  and  limited  in  efîect.  But 
in  certain  cases  they  may  become  entirely  effectuai  in  eliminating 
zoo-parasitic  diseases  if  not  hindered  by  custom  or  préjudice.  Thus 
were  ail  pork  to  be  eaten  only  when  thoroughly  cooked,  trichinosis 
would  absolutely  disappear  as  a  disease  of  man.  There  is  unmis- 
takable  évidence  of  gênerai  réduction  in  the  number  of  zoo-parasites 
harbored  by  man  under  civilized  conditions,  and  despite  the  con- 
trary  currents  already  noted  there  are  other  influences  most  charac- 
teristic  of  civilization  which  will  tend  more  powerfuUy  towards  this 
réduction  in  the  future. 

It  is  not  necessary  to  revert  at  length  to  the  part  played  by  medicine 
in  a  limited  sensé.  The  démonstration  and  destruction  of  parasites 
in  individual  cases,  the  éducation  of  the  community  as  to  the  im- 
portance and  treatment  of  such  organisms,  will  be  acknowledged 
without  further  discussion  as  a  weighty  factor  in  the  ultimate  solu- 
tion of  the  question.  Neither  is  one  compelled  to  discuss  in  détail 
the  services  rendered  in  this  matter  by  engineering  and  sanitary 
science.  Every  step  toward  the  improvement  of  the  water  supply, 
every  advance  in  methods  for  disposing  of  waste  products  of  ail 
sorts,  especially  sewage,  ail  projects  for  the  control  of  drainage  and 
for  the  purification  of  streams,  assist  ultimately  in  reducing  the 
percentage  of  infection  with  animal  parasites.  To  be  sure,  some 
imperfection  in  the  plan  may  in  an  individual  case  assist  the  parasite 
to  carry  out  its  life  cycle,  as  when  the  eggs  of  Dibothriocephalus 
are  carried  by  a  sewage  System  into  the  very  lake  from  which  the 
fish  food  of  a  city  comes.  But  such  a  condition  is  only  temporary, 
for  once  recognized  the  difficulty  is  met  by  engineering  measures, 
and  the  ultimate  resuit  to  the  community  is  exemption  from  infection. 

There  are  certain  influences  of  a  favorable  type  tliat  are  intimately 
connected  with  the  économie  side  of  modem  life.  The  vast  number 
of  mechanical  appliances  for  human  comfort  include  some,  such  as 
water  filters  eliminating  infecting  agents  from  the  water  supply,  and 
window  screens  protecting  the  house  against  disease-bearing  mos- 
quitoes and  flies,  which  contribute  distinctly  in  individual  cases  to 
reduce  chances  of  infection.  Constant  increase  in  the  use  of  such 
appliances  makes  their  influence  of  great  future  importance. 

Of  wider  influence  are  the  highly  developed  methods  of  certain 
modem  industries,  among  which  the  most  prominent  is  probably 
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the  méat  industry.  I  hâve  shown  elsewhere  that  range-fed  cattle 
are  of  ail  least  subject  to  infection,  that  modem  feeding  methods 
and  the  préparation  of  heeves  for  market  at  an  early  âge  further 
tend  to  keep  the  animais  free  from  parasitic  infection.  Osborn  has 
noted  that  the  young  killing  and  scalding  of  hogs  reduces  constantly 
the  number  of  ecto-parasites  also.  The  greater  care  now  exercised 
in  providing  proper  food,  water,  and  gênerai  hygienic  surroundings 
while  rearing  animais  for  market  reacts  directly  and  favorably  upon 
man  himself.  The  gênerai  use  of  protected  drinking  troughs  and 
of  a  spécial  water  supply  rather  than  surface  flow  of  indiffèrent 
character,  is  the  most  influential  élément  in  this  connection.  Un- 
contaminated  fields,  good  care,  and  proper  feeding  are  also  im- 
portant. Thus  INIark  has  shown  that  rational  methods  in  feeding 
swine  in  a  given  locality  reduced  the  percentage  of  infection  with 
trichina  to  zéro  in  a  few  years.  Stiles  has  pointed  out  that  the  small 
local  slaughter-houses  which  feed  remuants  to  dogs  and  pigs  trans- 
mit and  increase  greatly  thereby  certain  zoo-parasitic  diseases. 
The  large  packing  establishments  that  utilize  ail  the  remuants  and 
destroy  infected  organs  thus  reduce  notably  the  number  of  para- 
sites dangerous  both  to  man  and  the  domestic  animais.  Furthermore, 
holding  méat  in  cold  storage  for  three  weeks  destroys  the  larvœ  of 
the  beef  tape-worm  and  many,  if  not  ail  others,  which  may  be  in  the 
tissues,  thus  further  reducing  the  liability  of  infection  for  man. 
Méat  inspection,  which  in  this  country  is  carried  out  only  in  con- 
nection with  thèse  large  packing  plants,  contributes  to  the  same  end, 
as  it  undoubtedly  has  in  Germany,  even  though  not  afîording  entire 
protection.  According  to  Virchow  the  proportion  of  Cysticercus 
in  the  human  cadavers  dissected  in  Berlin  has  been  reduced  from 
1 :  31  before  the  introduction  of  méat  inspection  to  1 :  280  since  that 
time,  and  the  frequency  and  severity  of  trichinosis  hâve  also  been 
greatly  reduced. 

Another  économie  factor  of  importance  is  the  growing  demand 
for  new  land  and  more  varied  life  which  influences  nations  to  attempt 
the  conquest  of  the  tropics.  Zoo-parasitic  diseases  constitute  prob- 
ably  the  most  serions  problem  in  making  tropical  régions  useful  to 
civilization.  Hence  governmental  energy  lias  been  especially  directed 
by  several  nations  towards  the  investigation  and  control  of  diseases 
produced  and  transmitted  by  animal  organisms.  The  extension  of 
commerce  and  its  préservation  from  the  serions  disturbances  in- 
cident to  quarantine  are  largely  responsible  for  the  organization  of 
Systems  to  protect  nations  against  thèse  diseases,  among  others. 

One  other  influence,  which  may  be  termed  the  intellectual  factor, 
demands  brief  notice.  It  is  undoubtedly  the  growth  of  a  gênerai 
désire  for  the  amélioration  of  man's  physical  condition,  but  it  is 
also  unquestionably  the  récognition  of  the  fact  that  the  increased 
économie  value  of  the  individual  man  calls  for  bctter  protection, 
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which  has  led  to  the  formulation  of  a  rational  public  hygiène  and 
is  bringing  about  its  graduai  introduction.  Manson  pointed  out 
the  international  importance  of  the  Panama  Canal  construction 
through  the  possible  increase  and  spread  of  zoo-parasitic  diseases, 
and  under  the  direction  of  Gorgas  this  possibility  is  now  eliminated 
from  the  problem.  King  and  Ashford  are  developing  the  économie 
power  of  Porto  Rico  by  eliminating  the  generally  prévalent  ansemia 
due  to  an  animal  parasite.  Stiles,  in  demonstrating  the  major  cause 
of  the  degeneracy  among  the  "poor  white  trash"  of  the  South,  has 
furnished  the  means  for  the  improvement  of  this  élément  in  our 
population.  Recently  the  same  investigator,  according  to  a  personal 
communication,  has  determined  that  a  large  part  of  the  child  labor 
problem  in  the  same  région  is  also  due  to  the  hook-worm,  and  to 
that  extent  is  easily  solved. 

The  influence  is  thus  mutual,  since  civilization  contributes  towards 
the  réduction  of  zoo-parasitic  diseases  and  their  réduction  advances 
civilization.  To  this  advancement  research  bears  an  ultimate  and 
indispensable  relation,  for,  without  the  démonstration  of  the  structure, 
life  history  and  indeed  the  complète  biology  of  the  animal  organisms 
which  both  produce  and  transmit  disease,  économie  progress  is 
impossible  beyond  certain  limits.  It  is  not  too  much  to  say  that  in 
its  attitude  towards  zoo-parasitic  disease  is  found  a  reasonable  meas- 
ure  of  the  stage  of  advance  attained  by  any  nation.  True  civiliza- 
tion reduces  the  animal  parasites  of  man  at  every  step  in  its  progress. 


A   CONTRIBUTION    TO    OUR    KNOWLEDGE    OF 
INSECTICIDES 

C.  T.  McCLINTOCK,   E.   M.   HOUGHTON,  AND   H.   C.   HAMILTON 

Having  occasion  to  compare  the  value  of  certain  coal  tar  products 
with  other  recognizecl  contact  insecticides  search  was  made  for 
literature  on  the  subject,  particularly  as  to  how  they  act  on  insects 
and  what  conditions  would  make  for  greatest  efficiency,  witliout, 
however,  finding  anything  conclusive. 

Some  of  the  older  naturahsts,  notably  Reaumur  and  Swammer- 
dam,  had  experimented  with  individual  insects  to  détermine  whether 
the  stoppage  of  the  spiracles  was  the  cause  of  death  and  whether  the 
functions  of  ail  the  spiracles  were  the  same.  The  conclusion  that  they 
differ  and  that  death  foUows  the  clogging  of  the  posterior  spiracles 
but  not  of  anterior  ones  lias  been  declared  erroneous  by  Kirljy  and 
Spence  in  their  text  book,  Introduction  ta  Entomology.  Dr.  La  Hille, 
chief  of  the  Bureau  of  Applied  Zoology  to  the  Minister  of  Agricul- 
ture of  the  Republic  of  Argentine,  in  his  ^^Contributions  to  the  Study  of 
the  Ixodes,"  claims  to  hâve  proved  by  experiment  that  immersion  of 
the  posterior  part  of  the  Boôphilus  annulatus  in  an  efficient  insecti- 
cide is  ail  that  is  necessary;  immersion  of  the  head  for  an  equal 
length  of  time  in  the  same  solution  not  having  any  effect.  This  in- 
sect,  however,  lias  only  two  spiracles  which  are  located  in  the  posterior 
part  of  the  body. 

Thèse  writers  are  exceptional  either  in  having  made  experiments 
or  having  recorded  them  where  they  would  be  available.  Différent 
living  authorities  on  such  subjects  profess  ignorance  of  the  method  of 
action  of  insecticides  or  hâve  unproved  théories  as  to  how  they  might 
be  efficient  and  also  as  to  the  proper  condition  of  the  oil  which 
forms  the  base  of  niany  of  the  best  insecticides. 

American  writers  on  économie  entomology  hâve  confined  tliem- 
selves  to  mass  action  of  insecticides,  apparently  caring  little  as  to  the 
sélective  action  of  the  material  or  the  comparative  values  of  similar 
préparations.  Finding  nothing  in  the  literature  which  would  indicate 
how  an  emulsified  oil  might  act  on  the  insect,  or  what  différent  effects 
niay  be  expected  from  the  use  of  oils  of  différent  chemical  and  physi- 
cal  properties,  the  time  seems  opportune  for  a  somewhat  extended 
statement  of  the  results  which  we  hâve  obtained  from  our  experiments. 

How  does  the  character  of  the  emulsion  effect  its  insecticidal 
value  ?  Do  the  insecticidal  and  germicidal  values  of  the  prépara- 
tions dépend  on  the  same  constituents  ?  Is  there  any  relation  be- 
tween  thèse  two  properties  and  the  toxicity  toward  higher  animais? 
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And,  most  important  of  ail,  can  a  laboratory  test  be  made  to  dé- 
termine the  relative  values  of  différent  insecticides  with  any  degree 
of  accuracy  ;  in  other  words,  can  they  be  standardized  ? 

Since  chemical  standardization  présupposes  knowledge  of  what 
constituents  and  what  forms  of  combination  are  necessary  to  pro- 
duce a  valuable  product,  and  since  both  of  thèse  points  are  more  or 
less  enveloped  in  uncertainty,  the  présent  stage  of  our  knowledge  pre- 
cludes  the  use  of  chemical  methods  or,  at  least,  to  a  large  extent. 

The  conditions  which  produce  the  most  efficient  contact  insecti- 
cide hâve  been  found  to  difter  for  oils  even  of  the  same  origin.  Of 
those  derived  from  coal  tar  two,  which  differ  in  apparently  only  un- 
important  characteristics,  may  differ  greatly  in  their  effects  on  insects, 
quantitatively  if  not  qualitatively. 

To  standardize  such  préparations  therefore  requires  the  deter- 
mining  of,  not  how  much  of  a  certain  constituent  there  is  présent  — 
for  similar  oils  may  counteract  as  well  as  dilute  the  effect  of  this 
ingrédient,  —  but  whether  the  proper  conditions  hâve  been  obtained,  — 
by  noting  its  action  on  the  insects  themselves.  And  as  it  must  be 
a  method  allowing  of  indefinite  répétition  the  number  of  variable  fac- 
tors  must  be  reduced  to  a  minimum. 

The  insect  must  be  detached  from  its  host;  it  must  be  possible 
to  limit  to  a  second  the  time  it  is  exposed  to  the  action  of  the  solu- 
tion and  to  remove  the  protecting  film  of  air  which  prevents  actual 
contact  with  the  insecticide. 

Thèse  conditions  hâve  been  secured  by  the  use  of  tubes  open  at 
both  ends,  in  which  the  insects  may  be  placed  and  imprisoned  by 
covering  the  ends  with  a  porous  cloth  (India  mull).  Then  by  using 
a  hook  which  will  fasten  into  the  cloth,  the  tube  with  the  insects  may 
be  quickly  plunged  into  the  solution.  By  rapid  agitation  the  protec- 
tive  air  globules  which  surround  the  spiracles  can  be  removed  so 
that  intimate  contact  with  the  insecticide  results.  At  the  end  of  the 
period  of  time,  usually  one  minute,  during  which  the  insect  is  sub- 
merged,  it  is  quickly  removed  with  the  hook  and  the  clinging  solution 
shaken  off,  the  capillary  action  of  the  cloth  tending  to  draw  off  ail 
excessive  moisture.  It  is  then  transferred  to  bibulous  paper  and 
covered  with  a  clock  glass  which  allows  sufficient  air  and  easy 
observation. 

Différent  insects  vary  greatly  in  the  rapidity  with  which  they 
recover  from  the  action  of  an  insecticide  too  greatly  diluted  to  be 
effective  and  also  in  the  degree  of  dilution  necessary  to  kill.  Dif- 
férent insecticides  are  peculiar  in  the  fact  that  the  immédiate  and 
ultimate  effects  on  the  same  kind  of  insects  are  so  différent. 

In  the  course  of  thèse  experiments  numbers  of  the  readily  avail- 
able  insects  hâve  been  used,  including  house  fîies,  black  ants,  hog 
lice,  sheep  ticks,  cattle  ticks,  dog  fleas,  and  bedbugs  (Cimex  lectu- 
larius):    Each  has  its  peculiar  disadvantage  as  a  test  insect  even  aside 
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from  the  natiiral  difficulty  of  catching  it  and  applying  the  material. 
Flies,  ants,  and  lice  are  short  lived  in  captivity,  the  controls  often 
dying  as  soon  as  or  before  those  that  were  dipped  ;  Southern  cattle 
ticks  hâve  not  been  stuflied  in  ail  their  stages  of  development;  the 
large  females  umler  observation  being  extremely  résistant  to  some 
very  efficient  insecticides;  sheep  ticks  hâve  the  disadvantage  of 
being  very  slow  to  recover  from  the  effects  of  préparations  which  stu- 
pefy  but  do  not  kill  ;  fleas  are  too  lively  to  work  with  to  any  advantage  ; 
while  bedbugs,  after  one  becomes  accustomed  to  the  odor,  and 
skillful  in  allowing  no  escapes,  hâve  some  points  of  decided  advantage. 
They  can  be  kept  in  captivity  for  a  considérable  period  of  time  and 
be  almost  as  résistant  as  when  first  captured;  they  are  the  most 
résistant  of  ail  the  common  insects  ;  they  recover  promptly  when  the 
insecticide  is  too  weak  to  be  effective,  and  lastly,  one  need  not  dépend 
on  the  household  pest  for  supplies.  Contrary  to  the  accepted  belief 
that  this  insect  is  found  to  any  extent  only  in  human  habitations, 
the  true  Cimcx  Icctularius  makes  its  home  wnth  and  preys  upon  the 
guinea  pig,  and  an  unfailing  supply  may  usually  be  found  in  the 
cracks  and  crevices  of  the  pens. 

One  of  the  difficulties  which  would  naturally  suggest  itself  in  the 
attempt  to  standardize  a  séries  of  insecticides  by  the  method  outlined 
is  the  variation  in  the  résistances  of  individual  insects.  This,  how- 
ever,  appears  not  to  be  so  serious  as  might  be  expected,  although  in 
every  test  one  raust  use  enough  of  them  so  that  exceptional  cases  will 
not  lead  to  erroneous  conclusions. 

One  peculiar  instance  of  variability  noted  in  the  bedbugs,  and 
which  may  therefore  be  avoided  when  working  for  accurate  results, 
is  that  the  young,  light-colored  or  translucent  insects  are  usually  more 
résistant  than  the  larger  full-fed  ones.  This  is  not  invariably  true 
but  occurs  so  frequently  as  to  be  taken  as  a  gênerai  rule. 

The  rapidity  with  which  the  bedbug  recovers  after  being  îm- 
mersed  in  dilutions  of  insecticides  too  great  to  be  effective  makes 
it  possible  to  arrive  at  prompt  conclusions;  while  its  natural  résis- 
tance makes  it  probable  that  conclusions  drawn  from  results  with 
this  as  the  test  insect  will  hold  good  for  most  others.  By  making 
one  minute  the  invariable  length  of  time  the  insect  is  submerged, 
the  degree  of  dilution  of  the  différent  insecticides  may  be  used  to 
détermine  the  comparative  efficiencies  of  such  préparations. 

The  effective  working  strengths,  however,  may  not  hâve  the  same 
ratio  because  of  the  conditions  surrounding  the  insect  when  in  its 
natural  location,  as  each  case  has  its  peculiar  conditions.  A  sheep's 
wool,  for  instance,  will  hold  the  material  in  contact  wnth  the  insect 
much  longer  than  can  be  lioped  for  when  dipping  swine. 

Having  now  a  method  of  standardization  which  yields  reasonably 
accurate  results,  it  is  possible  to  détermine  for  any  certain  purpose 
what  class  of  insecticides  is  most  applicable.    But  the  most  valuable 
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featiire  is  the  opportiinity  h  offers  for  working  out  new  insecti- 
cides or  improvements,  and  determining  at  once  what  advantages 
they  may  possess  over  others  in  killing  power;  and  also  the  pos- 
sibility  of  determining  by  further  study  how  insecticides  act  so  that 
more  intelligent  means  may  be  used  for  developing  new  préparations 
or  improvements. 

Without  any  definite  statement  to  that  effect  the  gênerai  propo- 
sition has  been  accepted  that  poisons,  germicides,  and  insecticides 
belong  in  the  same  category.  But  a  glance  at  the  accompanying 
chart  and  table  shows  a  wide  divergence  in  those  values. 

A  point  brought  out  in  the  investigation  of  coal  tar  oils,  and  also 
graphically  shown  in  the  chart,  is  that  by  proper  manipulation  one 
may  obtain  a  product,  the  value  of  which  is  high,  either  as  an  insect- 
icide or  as  a  germicide,  and  that  the  former  property  may  be  excep- 
tionally  high.  We  hâve  confirmed  the  fact  that  the  insecticidal 
value  of  soap  is  very  considérable.  This  might  raise  the  question 
whether  the  average  coal  tar  dip  on  the  market,  the  efficient  dilution 
of  which  cannot  in  most  cases  be  greater  than  one  in  seventy-five, 
does  not  owe  its  efficiency  to  the  soap  contained.  But  more  important 
than  that  is  the  question  whether  an  oil  is  in  the  more  efficient  con- 
dition in  solution,  or  emulsified  and  in  the  form  of  globules  of 
varying  sizes. 

One  would  think  without  hésitation  that  a  solution,  or  the  very 
finest  possible  emulsion,  would  be  more  efficient  because  of  being 
the  more  penetrable.  Results  with  différent  oils,  however,  hâve  not 
been  sufficiently  uniform  to  draw  definite  conclusions.  Further  work 
will  be  required  with  a  greater  range  in  the  oils  used  and  a  greater 
diversity  in  the  conditions  to  décide  this  important  point.  The  solu- 
tion of  this  question  is  inseparably  connected  with  the  greater  one,  of 
how  any  contact  insecticide  performs  its  work. 

The  coal  tar  insecticide  and  coal  tar  disinfectant  mentioned  in 
the  list  of  products  compared  are  made  from  différent  parts  of  the 
distillate  from  coal  as  obtained  in  the  production  of  coke  and  gas. 
Thèse  redistilled  portions  of  oil  hâve  been  separated  to  give,  in  the 
one  case,  that  part  having  the  highest  germicidal  value,  and  in  the 
other,  the  one  having  highest  insecticidal  value.  The  former  is  made 
so  that  dilutions  of  two  per  cent  or  greater  in  water  make  clear  solu- 
tions, while  the  latter  contains  only  sufficient  soap  to  make  a  satis- 
factory  emulsion;  the  amount  necessary  varies  with  différent  oils, 
but  approximates  a  mixture  containing  twenty  to  twenty-five  per  cent. 

An  idéal  préparation  for  gênerai  purposes  would  be  a  mixture 
of  the  two,  but  unfortunately,  ail  experiments  to  date  indicate  that  a 
mixture  of  equal  parts  of  the  two  produces  an  insecticide  no  better 
in  value  than  that  of  the  weaker  member;  while  one  would  naturally 
expect  it  to  be  lowered  only  to  the  extent  of  the  fifty  per  cent  dilu- 
tion.    This  would  indicate  that  the  présence  of  certain  constituents 
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in  an  insecticide  must  be  avoided  in  order  to  obtain  one  of  the  high- 
est  efficiency;  to  be  spécifie,  the  insecticidal  properties  appear  to  be 
neutraiized  by  the  présence  of  carbohc  acid  or  any  member  of  the 
phénol  séries;  and  the  value  is  lowered  to  that  of  the  particular 
phénols  which  may  be  présent,  although  they  may  constitute  less  than 
ten  per  cent  of  the  whole.  An  oil  containing  eight  per  cent  of  phénols 
and  whose  greatest  insecticidal  value  is  five  times  that  of  carbolic 
acid  may  hâve  that  value  increased  to  one  hundred  and  twenty-five 
by  the  removal  of  the  phénols. 

This  shows  that,  beyond  a  certain  point,  the  phénols  alone  are 
of  very  little  value  ;  so  little,  in  fact,  that  carbolic  acid  will  not  kill 
the  test  insects  in  the  strongest  possible  aqueous  solution  with  one 
minute's  immersion.  This  dilution  and  time,  however,  hâve  been 
taken  as  the  unit  for  the  sake  of  using  the  same  substance  as  the 
Unit  for  each  of  the  three  properties  —  toxicity,  germicide,  and  in- 
secticide. 

By  comparing,  in  the  charts,  the  insecticidal  values  of  carbolic 
acid  in  aqueous  solution,  a  solution  of  soap,  and  a  mixture  of  the 
two,  one  may  conclude  that  whatever  insecticidal  value  carbolic 
acid  appears  to  hâve  when  in  contact  with  the  insect  for  one  minute 
is  due  entirely  to  the  soap,  as  it  alone  would  hâve  been  the  more 
efficient. 

The  use  of  a  gaseous  insecticide  has  an  advantage  which  is  in 
many  cases  not  possible  to  obtain  with  liquids,  in  particular  as  a 
means  of  eradicating  household  pests  —  the  bedbug,  cockroach,  ant, 
fly,  mosquito,  and  moth.  But  the  difîusibility  of  gases  while  being 
their  chief  advantage,  is  a  weighty  objection  to  their  use,  because 
many  rooms  and  houses  are  not  sufficiently  tight  to  retain  the  gas. 
The  very  poisonous  or  irritating  gases  like  hydrocyanic  acid  or 
sulphur  dioxide  may  be  effective,  while  the  less  poisonous  or  more 
difïusible  gases  never  become  sufficiently  concentrated  to  accom- 
plish  much. 

The  method  adopted  for  testing  gaseous  insecticides  is  as  follows  : 
The  gas  or  vapor  is  generated  at  the  bottom  of  a  loosely  covered 
glass  cylinder  four  inches  in  diameter  and  twelve  inches  high.  This 
is  placed  in  a  hood  with  closely  fitting  glass  doors  and  with  an  easily 
regulated  exhaust  pipe  for  removing  the  vapors  at  the  end  of  the 
experiment,  also  with  means  for  heating,  either  gas  or  steam,  con- 
trolled  from  the  outside.  The  insects  are  placed  in  the  same  tubes 
used  for  dipping  and  are  suspended  in  the  upper  end  of  the  cylinder. 
This  is  for  intimate  contact  with  the  almost  undiluted  vapor.  Then 
two  other  tubes  with  insects  are  placed,  one  on  the  floor  and  one  near 
the  top  to  détermine  the  efîect  of  the  more  difîused  gas  or  vapor. 
The  great  différence  between  results  of  action  from  direct  contact 
and  from  the  more  difîused  gases  is  striking,  showing  that  it  is  a 
method  upon  which  no  reliance  can  be  placed.    Bedbugs  recovered 
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in  nearly  every  case  when  exposed  to  diffused  coal  gas,  formaldehyde, 
Carbon  dioxide,  sulphur  dioxide,  camphor  vapors,  and  vapors  of  many 
volatile  oils  including  coal  tar  oils,  pine  oil,  oil  of  pennyroyal,  etc.  ; 
when  exposed  to  the  direct  action  of  thèse,  however,  they  rarely  re- 
covered,  except  from  ammonia  gas  and  the  vapors  of  carbon  disul- 
phide.  Hydrocyanic  acid  gas  is  extremely  poisonous  even  when 
quite  diffused  ;  the  only  objection  to  it  being  the  fact  that  it  is  equally 
poisonous  to  human  beings.  A\\  insects,  however,  are  not  so  résist- 
ant to  the  action  of  vapors  and  gases. 

The  chemistry  of  germicides  is  on  a  much  better  basis  than  that 
of  insecticides.  The  chemist  and  the  bacteriologist  working  together 
hâve  been  able  to  détermine  the  constituents  of  coal  tar  and  the  con- 
dition necessary  to  produce  (unj  possible  germicidal  value,  while  a 
carbolic  acid  coefficient  has  been  assigned  to  most  of  the  coal  tar 
derivatives  ;  so  that  in  many  cases  a  chemical  analysis  is  sufficient  to 
détermine  their  germicidal  values,  values  which  check  up  very  closely 
with  those  determined  by  a  bacteriological  test.  W  e  hâve  found  the 
B.  'pyocyaneus  the  most  satisfactory  test  organism,  the  advantages 
of  which  are  threefold  :  its  high  résistance  to  germicides,  its  easy 
growth  on  beef  bouillon  or  other  média,  and  its  characteristic  forma- 
tion of  green  pigment.  Thèse  properties  make  it  easy  to  conclude 
as  to  the  dilutions  which  are  efficient  while  its  high  résistance  as- 
sures one  that  any  other  germ  under  like  conditions  will  be  destroyed 
in  dilutions  of  the  disinfectant  much  greater  than  are  required  for 
the  B.  pyocyaneus.  There  is  this  disadvantage  to  the  use  of  it 
alone  as  the  test  organism,  that  its  carbolic  acid  coefficient  is  much 
smaller  than  if  almost  any  other  germ  were  used. 

In  the  table  and  chart  the  germicidal  value  of  each  agent  used 
is  expressed  in  terms  of  carbolic  acid,  using  B.  pyocyaneus  as  the 
test  organism,  but  to  illustrate  the  sélective  action  that  certain  germi- 
cidal products  may  hâve  toward  certain  organisms,  it  might  be  stated 
that  two  tar  oils  derived  from  coal  distilled  under  différent  con- 
ditions can  hâve  the  same  carbolic  acid  coefficient  based  on  B. 
pyocyaneus,  while  when  based  on  B.  typhosus  the  value  of  one  is 
nearly  twice  as  great.  Thèse  results  are  not  inconsistent,  but  they 
make  the  value  of  any  comparative  tests  of  germicides  dépend  on  a 
complète  account  of  the  method  followed.  In  fact,  so  much  dépends 
on  the  minutia  of  détails  that  an  absolute  agreement  between  two 
bacteriologists,  working  independently,  is  not  to  be  expected.  The 
method  followed  in  oin*  experiments  is,  in  some  of  its  features,  very 
similar  to  that  adopted  by  the  Royal  Commission  of  London  for  the 
standardization  of  disinfectants. 

A  twenty-four  hour  growth  of  the  B.  pyocyaneus  in  bouillon  cul- 
ture médium  is  filtered  to  break  up  or  exclude  clumps  of  bacteria 
difficult  of  penetradon.  Six  drops  of  this  culture  containing  millions 
of  bacteria  are  mixed  with  5  ce.  of  a  dilution  of  the  germicide.    Af ter 
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one  minute 's  contact  with  this,  a  subculture  is  made  by  removing  a 
loopful  of  the  solution  which,  if  properly  mixed,  will  contain  a  pro- 
portional  number  of  the  bacteria  originally  introduced.  This  loop- 
ful is  planted  in  a  tube  containing  5  or  6  ce.  of  stérile  bouillon, 
which  is  then  placed  in  the  incubator  for  twenty-four  to  seventy-two 
hours,  during  which  time  any  organism  not  destroyed  will  hâve 
multiplied  sufficiently  to  be  readily  recognized.  Subcultures  are 
made  in  a  similar  manner  after  two,  three,  four,  and  five  minutes' 
contact  between  bacteria  and  germicide,  and  changes  are  made  in 
the  dilution  of  the  latter  until  a  dilution  is  obtained  which  will  allow 
growth  after  two  or  three  minutes'  contact,  but  less  than  five  minutes. 
The  degree  of  dilution  which  will  give  this  resuit  for  each  préparation 
can  be  used  in  comparison  with  that  dilution  of  carbolic  acid  which 
is  equally  efficient,  to  obtain  what  is  known  as  the  carbolic  acid 
coefficient,  —  a  very  satisfactory  method  of  readily  showing  the 
relative  values  of  différent  germicides  under  the  same  conditions. 
But  the  widely  diiîering  conditions  under  which  germicides  must  be 
used  makes  any  table  of  comparisons  of  only  limited  value. 

That  there  is  very  little  relation  between  the  germicidal  and  insecti- 
cidal  values  is  most  graphically  shown  in  the  case  of  the  coal  tar  prod- 
ucts  and  the  mercury  salts;  and  it  can  readily  be  seen  that  no 
chemical  investigation  would  hâve  revealed  the  facts  brought  out  by 
careful  insecticidal  and  germicidal  tests.  Most  important  of  ail  is 
the  fact  that  thèse  values  are  so  susceptible  to  conditions  not  easily 
recognized  by  a  chemical  assay,  and  that,  therefore,  in  many  cases, 
chemical  spécifications  are  without  value  for  designating  any  efficient 
préparation.  To  many  who  are  not  familiar  with  the  fact  that  some 
very  important  pharmacopœial  préparations  admit  of  no  test  superior 
to  a  biological  examination,  this  may  seem  a  serions  drawback.  But 
surely  no  one  will  deliberately  ignore  the  only  satisfactory  means 
of  judging  the  values  of  such  préparations. 

The  toxic  action  of  thèse  varions  products  shows  no  greater  simi- 
larity  than  that  of  the  other  properties.  That  the  toxicity  of  the  phénol 
séries  of  coal  tar  derivatives  does  not  increase  as  the  members  in- 
crease  in  germicidal  value,  has  long  been  known.  In  fact,  the  toxicity 
is,  in  some  cases,  in  inverse  order  to  the  disinfecting  power.  The 
value  of  a  germicide  or  insecticide  dépends  often  as  much  on  its  nég- 
ative as  its  positive  qualities;  particularly,  its  lack  of  injury  to  the 
animal  or  the  material  with  which  it  comes  in  contact. 

To  détermine  toxicity  of  the  various  salts,  alkaloids,  and  coal 
tar  derivatives  used  in  thèse  experiments,  the  following  described 
method  was  employed:  Guinea  pigs  were  dosed  per  stomach  by 
means  of  a  cathéter  passed  between  the  forcibly  opened  jaws  into 
the  œsophagus,  and  varying  amounts  of  solutions  of  the  différent 
drugs  were  injected  through  the  cathéter  by  means  of  a  10  ce. 
syringe,  the  end  of  which  fits  into  the  cathéter.    This  uniformity  in 
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the  size  of  the  dose  —  10  ce.  in  each  ease  —  makes  necessary  a 
great  differenee  in  the  dilution  of  the  différent  drugs;  the  results 
may,  therefore,  in  some  cases,  be  misleading,  because  of  death  from 
local  irritation  rather  than  from  absorption  of  the  toxic  substance. 
For  that  reason,  no  attempt  was  made  to  détermine  the  toxicity  of 
some  compounds  known  to  destroy  tissue  rather  than  to  be  strictly 
poisonous. 

In  the  table  will  be  noticed  the  high  toxicity  of  potassium  cyanide 
in  solution  and  arsenic  and  their  very  great  différence  in  insecticidal 
value,  while  on  the  other  hand  will  stand  out  the  striking  similarity 
in  toxicity  of  coal  tar  derivatives  other  than  carbolic  and  cresylic 
acids  and  their  wide  variations  in  other  respects.  One  peculiar 
effect  that  coal  tar  préparations  hâve  is  their  being  absorbed  through 
the  skin  of  cats.  When  a  cat  is  dipped  in  a  solution  containing  com- 
pounds of  the  phénol  séries,  even  when  the  head  is  not  submerged, 
and  the  animal  is  not  permitted  to  lick  itself  and  so  swallow  some  of 
the  solution,  death  almost  invariably  foUows,  unless  the  animal  is, 
within  five  minutes,  thoroughly  washed  free  from  ail  traces  of  the 
solution;  while,  when  so  washed,  recovery  has  followed  in  every 
case  noted.  Where  death  has  followed  the  dipping  of  a  cat  in  a  car- 
bolic dip,  this  has  occurred  after  several  days  of  very  évident  suffer- 
ing  with  every  appearance  of  its  being  phénol  poisoning. 

SUMMARY 

1.  The  work  reported  in  this  paper  has  to  do  with  the  insecticides 
when  acting  by  contact  only. 

2.  The  insecticidal,  germicidal,  and  toxic  values  (for  higher  ani- 
mais) hâve  little  or  no  corrélation. 

3.  It  is  possible  to  détermine  the  relative  strength  or  value  of 
insecticides  by  immersing  test  insects  in  definite  strengths  of  the 
insecticide,  and  noting  the  strength  required  to  produce  death  in  a 
given  length  of  time. 

4.  The  common  bedbug  (Cimcx  lectularius)  appears  to  be  the 
most  satisfactory  test  insect. 

5.  As  yet  the  mode  of  action,  the  way  in  which  the  contact  insect- 
icides cause  the  death  of  the  insects,  has  not  been  determined. 

6.  Apparently  the  fewer  the  number  of  spiracles,  the  smaller 
their  size,  and  the  better  they  are  guarded  by  hairs  or  valves,  the  more 
résistant  is  the  insect  to  the  contact  insecticides. 

7.  Chemical  standardization  of  this  class  of  insecticides  is,  with 
our  présent  knowledge,  impossible.  With  two  substances,  having 
essentially  the  same  chemical  composition,  the  insecticidal  values 
may  vary  enormously.  Even  the  same  substance,  prepared  with 
what  are  apparently  unimportant  chemical  variations,  gives  widely 
différent  insecticidal  values. 
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Table  I 

TOXICITY   VALUES 

GuiNEA  PiGs,  10  ce.  Fluid  given  per  Os 


Reagent. 

Weight  of  pig. 

Dose  per  gramme. 

Resuit. 

(1)  Arsenic  AsjOj 

515  gms. 

.00002 

dead 

420     " 

.00003 

" 

305     " 

.00004 

u 

700     " 

.00001 

alive 

670     " 

.00002 

dead 

620    " 

.000015 

alive 

680     " 

.00002  * 

dead 

(2)  Alcohol 

610     " 

.01 

dead 

560    " 

.015 

" 

700    " 

.005 

alive 

595    " 

.007 

" 

545    " 

.007 

il 

680     " 

.008 

" 

560     " 

.009* 

dead 

(3)  Carbolic  aeid 

580     " 

.0006 

alive 

with  water  only 

635     " 

.0008 

" 

685     " 

.0010 

dead 

590     " 

.0008 

" 

530    " 

.0010 

<( 

700    " 

.0005 

alive 

490     " 

.0006 

" 

570     " 

.0007 

il 

575    " 

.0008  * 

dead 

515    " 

.0008 

a 

(4)  Carbolic  acid  and 
soap  equal  parts 

480    " 
520     " 

.0012 
.0014 

alive 

390     " 

.0016 

dead 

605     " 

.0018 

" 

645     " 

.0012 

alive 

395    " 

.0014 

" 

490    " 

.0015 

dead 

650    " 

.0014 

alive 

520    " 

.0015 

il 

630     " 

.0016  * 

dead 

(5)  Coal  tar  dis- 

815    " 

.002 

alive 

infectant 

655     " 

.004 

dead 

735     " 

.006 

" 

555     " 

.003 

" 

610     " 

.004 

u 

710     " 

.001 

alive 

640    " 

.002 

<( 

665    " 

.003 

dead 

700     " 

.002* 

alive 

*   Minimum  lethal  dose  per  gm. 
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TOXICITY    VALUES  —  continued 
GuiNEA  PiGS,  10  ce.  Fluid  given  per  Os 


Reagent. 

Weight  of  pig. 

Dose  per  gramme. 

Resuit. 

(6)  Coal  tar  insecticide 

525  gms. 

.002 

dead 

755     " 

.004 

alive 

440     " 

.006 

dead 

595     " 

.008 

" 

585     " 

.002 

alive 

585     " 

.004 

" 

700     " 

.004 

dead 

780     " 

.003 

alive 

590     " 

.004* 

dead 

(7)  Cresylic  acid  and 

800     " 

.002 

dead 

soap  equal  parts 

600     " 

.003 

" 

650     " 

.004 

" 

715     " 

.001 

alive 

610     " 

.0015 

tf 

545     " 

.002 

dead 

680     " 

.002 

alive 

690     " 

.002* 

dead 

790     " 

.003 

" 

(8)  Morphine  sulphate 

515    " 

.00075 

dead 

780     " 

.00150 

" 

685     " 

.0004 

alive 

815     " 

.0006  * 

dead 

(9)  Nicotine 

515     " 

.00001 

alive 

610     " 

.000015 

" 

765     " 

.00002  * 

dead 

645     " 

.00003 

765     " 

.000015 

II 

615     " 

.00002 

it 

725    " 

.000015 

II 

(10)  Potassium 

540     " 

.0001 

dead 

cyanide 

510     " 

.0002 

" 

800     " 

.00005 

(f 

430     " 

.00003 

il 

570     " 

.000015* 

II 

585     " 

.000015 

II 

625     " 

.00001 

alive 

585     " 

.00001 

" 

(11)  Mercuric  chloride 

354     " 

.00005 

dead 

404     " 

.00006 

" 

375     " 

.00003 

alive 

262     " 

.00003 

" 

300     " 

.00004  * 

dead 

411     " 

.00004 

*  Minimum  lethal  dose  per  gm. 
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TOXICITY   VALUES  —  continued 
GuiNEA  PiGS,  10  ce.  Fluid  given  per  Os 


Reagent. 

Weight  of  pig. 

Dose  per  gramme. 

Resuit. 

(12)  Mercuric  iodide 

340  gms. 

.00002 

alive 

430    " 

.00003 

u 

335    " 

.00003 

u 

327     " 

.00004 

dead 

430    " 

.00004  * 

<( 

(13)  Linseed  oil  soap 

560    " 

.001 

alive 

640    " 

.002 

u 

395     " 

.005 

dead 

640    " 

.002 

alive 

655    " 

.003 

a 

670     " 

.004 

u 

720    " 

.005* 

dead 

Table  II 

GERMICIDAL    VALLTES 

Comparative  Value  based  on  Résistance  of  B.  jnjocyaneus 
TO  Various  Dilutions 


Reagent. 

Dilution. 

Time  in  minutes  and  results. 

1 

2 

3 

4 

5 

(1)  Arsenic  (AS3O3) 

with  soap 

(2)  Alcohol 

(3)  Carbolic  acid 

(Merck), 

witla  water  only 

(4)  Carbolic  acid 

and  soap, 
equal  parts 

1:70 
1:  100 

1:04 
1:35 
1:2J 
1 :  02 

1:150 
1:  100 
1:75 

1:100 

1:75 

1:50 

+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 

.+ 

+ 
+ 

+ 

+ 

*  Minimum  lethal  dose  per  gm. 
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GERMICIDAL     VALUES—  continued 

CoMPAKATiVE  Value  based  ON  RESISTANCE  OF  B.  pyocyancus 
To  Vakious  Dilutions 


Time  in  minutes  and  results. 

1 

Reagent. 

Dilution. 

1 

2 

3 

4 

5 

(5)  Coal  tar 

1:600 

+ 

+ 

+ 





disinfectant 

1:  500 

+ 

— 

— 

— 

— 

1:400 

— 

— 

— 

— 

— 

(6)  Coal  tar 

1 :  100 

+ 

+ 

+ 

+ 

- 

insecticides 

1:50 

— 

— 

— 

— 

— 

(7)  Cresylic  acid 

1:300 

+ 

+ 

+ 

+ 

+ 

and  soap, 

1 :  200 

+ 

— 

— 

— 

— 

equal  parts 

1:  150 

— 

— 

— 

— 

— 

(8)  Morphine  sulphate 

1:  100 

+ 

+ 

+ 

+ 

+ 

1:50 

+ 

+ 

+ 

+ 

+ 

(9)  Nicotine 

1:10 

+ 

+ 

+ 

+ 

- 

(10)  Potassium 

1:  100 

+ 

+ 

+ 

+ 

+ 

cyanide 

1:50 

+ 

+ 

+ 

+ 

+ 

(11)  Mercuric  chloride 

1 :  80000 

+ 

+ 

+ 

+ 

+ 

70000 

+ 

+ 

+ 

+ 

— 

60000 

+ 

+ 

+ 

+ 

— 

50000 

+ 

+ 

+ 

+ 

— 

40000 

+ 

+ 

+ 

— 

— 

30000 

+ 

+ 

— 

— 

— 

20000 

+ 

— 

— 

— 

— 

10000 

- 

- 

- 

— 

— 

(12)  Mercuric  iodide 

100000 

+ 

— 

- 

- 

- 

in  the  form  of 

80000 

+ 

— 

— 

— 

— 

germicidal  dises 

60000 

— 

— 

— 

— 

— 

(13)  Formaldehyde 

2% 

+ 

+ 

+ 

+ 

+ 

40% 

3% 

+ 

+ 

+ 

+ 

— 

4% 

+ 

+ 

+ 

— 

— 

5% 

+ 

+ 

+ 

— 

— 

6% 

+ 

— 

— 

— 

— 

(14)  Linseed  cil  soap 

1:  100 

+ 

+ 

+ 

+ 

+ 

1:200 

+ 

+ 

+ 

+ 

+ 

CONTRIBUTIOX   TO   KNOWLEDGE   OE   INSE(  TK  IDES       625 

Tahij:   m 
IXSi;(TI('ll)AI.    VALTES 

Effkcts  on  Ciincx  hrtuluriiis   (bkdfu'c.s)    wiikn   Diri'iiD  ix 
\'aui()Is  Dilations 


i 

Roagent . 

Dilution. 

Time. 

Xuml)er  of 
insects  dipped. 

Uesult. 

(1)    Arsciiio  in  all<;iliiu' 
.solution 

1;  10!)!) 
1: 1400 

1   minute 

6 
4 

dead 
alive 

(2)   Alcolu.l 

i 

1 
1 

50% 
70% 
80% 
94%. 

1  minute 

2 

2 

4 
G 

alive 
dead 

(3)  Carholic  acid  in 

aqueous  solution 

1 :  50 
1 :  20 
1 :  20 

1  minute 

4 
4 
2 

alive 
dead 

(4)   Carliolic  acid  and 
soap  cqual  parts 

1  :  100 
1  :  50 

1  :  ;;:', 

1  minute 

2 
4 
4 

alive 

dead 

(5)   Coal  tar  dis- 
infectant 

1  :  75 
1 :  100 

1  minute 

4 
5 

dead 
alive 

:    (6)   Coal  tar 

insecticide 

1 :  500 
1 :  1000 
1 :  1500 
1 :  2000 
1:2.>0:) 

1  mintite 

8 
8 

12 
4 

10 

dead 
alive 

(7)  Cresylic  acid  and 
soap  equal  parts 

1 :  100 
1 :  50 
1:50 

1  minute 

4 
2 

4 

alive 
dead 

(S)   Morphine  sulphate. 

1:  50 
1 :  100 

1  minute 

4 
4 

alive 

;    (9)   Nicotine  10% 

1 

1:20 
1:30 

1  minute 

3 

6 

dead 
alive 

(10)   Potassium 
cyanide 

1:  100 
1:200 
1 :  300 

1  minute 

6 
4 
2 

dead 
alive 

(11)   Mercuric  chloride 

1 :  15 
1 :  30 
1:50 

1  minute 

4 
6 
4 

alive 
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IXSECTICIDAL    Y ALU ES  ^continued 

Effects  on  Cimex  lectulariits  (bedbugs)  when  dipped  in 
Various  Dilutions 


Reagent. 

Dilution. 

Time. 

Number  of 
insects  dipped. 

Resuit. 

(12)   Mercuric  iodide 
in  the  form  of 
germicidal  dises 

1:  15 
1:;30 
1:50 

1  minute 
1       " 
1       " 

4 
4 
4 

dead 
alive 

(13)   Linseed  oil  soap 

1  :  '200 
1 :  100 
1 :  50 

1  minute 
1        " 
1        " 

8 

10 

4 

alive 
dead 

(14)  Formaldehvde 

40% 

1:  5 
1 :  10 

1  minute 
1        " 

4 
4 

dead 
alive 

(15)  Turpentine 
emulsion 

1 :  750 
1 :  1000 

1  minute 
1       " 

8 
8 

dead 
alive 

Table  IV 
SUMMARY   OF    TABLES    I,    II,    AND    III 
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Table  V 
CO-EFFICIENTS    DERIVED    FROM    TABLE   IV 


Reagent. 

Toxicity. 

Gennicidal. 

Insccticidal. 

Arsenic 

Alcohol 

Carbolic  Acid  Aq.  Sol 

Carbolic  Acid  Soap      

Coal  Tar  Disinfectant 

Coal  Tar  Insecticide 

Cresylic  Acid  and  Soap 

Morphine  Sulphate 

Nicotine 

40. 
0.09 
1. 
0.5 
0.27 
0.2 
0.4 
1.33 

53. 

83. 

20. 

20. 
0.16 

0.7 
0.025 
1. 

0.75 
5. 
0.5 
2. 
0.5 
1. 

0.5- 
300. 
1000. 
0.5- 
0.16 
5. 
1. 

50. 
0.05 
1. 

J: 

2.5 

2.- 
1.5. +  - 

5. 

0.5 -  + 

0.5  + 

5. 

0.4 

15.  +  - 
40. 

Potassium  Cyanide 

Mercuric  Chloride  C.  P 

Mercuric  lodide  (dises) 

Linseed  Oil  Soap      

Formaldehyde 

Sulphuric  Acid 

Turpentine  Soap      
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THE   DIAGNOSIS   OF   A   CASE   OF   PARASITISM   IN 
THE   BROOK   TROUT 

EDWIN  LINTON 

Early  in  July,  1905,  I  was  called  on  to  examine  the  trout  in  a 
small  lake  in  the  Catskill  Mountains,  in  order  to  détermine  the  nature 
of  certain  abnormal  spots  which  the  owner  of  the  lake  feared  might 
be  the  beginning  of  some  disease  of  a  serions  nature. 

From  the  description  which  I  had  received  before  my  visit  to  the 
lake  I  had,  of  course,  formed  some  opinion  as  to  the  probable  nature 
of  the  trouble,  although  not  acquainted  with  the  situation  further 
than  that  the  trout  were  more  or  less  marked  with  black  spots  on 
the  skin. 

As  it  is  a  rather  unusual  expérience  for  a  zoologist  to  be  asked 
to  render  services  of  this  kind,  an  account  of  the  investigation  and  a 
report  of  the  conclusions  reached  may  not  be  uninteresting  as  a  con- 
tribution to  the  section  of  applied  zoôlogy. 

It  is  not  my  purpose  to  présent  a  paper  dealing  with  histological 
détails,  neither  shall  I  undertake  to  settle  the  systematic  position  of 
the  form  of  which  I  shall  treat.  My  purpose  is  simply  to  give  a  plain 
account  of  the  matter  considered  as  a  problem  in  zoological  diagnosis, 
in  the  order  in  which  the  knowledge  came  to  me,  with  a  statement  of 
the  conclusion  which  appears  to  follow. 

Aider  Lake,  in  which  the  supposedly  diseased  fish  were  living, 
is  situated  in  the  heart  of  the  Catskill  Mountains.  The  first  view 
which  I  had  of  the  lake  removed  one  source  of  appréhension  which 
I  had  feared  might  be  présent,  namely,  that  there  was  something  un- 
hygienic  in  the  surroundings  which  would  point  to  some  bacterial  or 
fungoid  disease,  difïîcult  to  diagnose  and  perhaps  more  difficult  to 
eradicate.  Indeed  it  would  be  hard  to  imagine  a  more  healthful 
région  either  for  man  or  trout.  The  lake  is  about  40  acres  in  area, 
and  is  surrounded  on  three  sides  by  densely  wooded  heights  rising 
perhaps  800  feet  and  covered  from  top  to  water's  edge  with  the 
virgin  forest.  On  the  remaining  side  is  a  bit  of  pasture  land,  and 
a  few  grassy  knolls  with  scattered  trees  bordering  the  outlet.  The 
only  infringement  on  perfectly  natural  conditions  is  a  dam  across 
the  outlet  which  confines  the  trout  to  the  lake  and  prevents  the  im- 
migration of  trout  or  other  fish.  There  are  no  dwelling-houses  in 
the  drainage  area  of  the  lake.  The  owner  has  a  well-equipped  hatch- 
ery  on  the  stream  below  the  outlet,  and  allows  no  other  fish  than 
trout  in  the  lake.     The  incoming  streams  ail  flow  from  the  forest- 
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covered  area,  and  their  waters  are  clear  and  cold.  The  lake  itself 
is  a  very  beautiful  pièce  of  water  and  is  plentifully  supplied  with 
fish  food.  The  owner  did  not  know  how  many  fish  were  in  the  lake, 
but  there  is  reason  for  thinking  that  they  are  abundant,  —  perhaps 
more  abundant  than  they  would  be  under  entirely  natural  conditions. 
The  resuit  of  some  two  hours'  fishing  on  the  evening  of  our  arrivai, 
July  3d,  was  a  catch  of  52  fine  trout.  The  fish  were  in  good  condition 
and  were  sufficiently  gamey  to  give  excellent  sport  in  the  catching. 

Among  the  trout  ,caught  on  the  evening  of  the  3d  were  a  few 
which  had  spots  on  the  skin  of  the  kind  which  had  attracted  the 
attention  of  the  owner.  None  of  the  fish  had  large  numbers  of  thèse 
spots.  On  about  5So  of  them  as  many  as  20  or  30  spots  could  be 
counted  on  one  side.  Some  of  the  fish  had  none,  others  had  a  very 
small  number,  1  to  4  or  5.  Nine  fish,  caught  on  the  following  day, 
were  very  lightly  infected,  the  majority  of  them  not  at  ail.  So  far  as 
thèse  spots  could  be  made  out  with  the  aid  of  a  simple  lens,  they 
were  seen  to  possess  the  same  essential  characters  as  spots  which  are 
caused  by  distomes  in  the  skin  of  the  cunner  and  tautog  noted  by 
Ryder,  described  later  by  me,  and  honored  with  a  name  by  Dr. 
Stafîord.  The  spots,  while  small,  are  conspicuous,  and  consist  of  an 
aggregation  of  black  pigment  which  surrounds  a  clear  central  space. 
In  a  few  cases  the  clear  central  space  is  absent.  There  is  a  slight 
bulging  of  the  epidermis  at  the  center  of  the  spot,  so  that  an  area 
containing  many  of  them  présents  an  embossed  surface  which  can 
be  detected  by  passing  the  hand  lightly  over  it. 

On  the  next  day  after  our  arrivai  at  Aider  Lake  a  microscopical 
examination  was  made  of  thèse  spots  with  the  following  resuit: 
When  one  of  the  spots  is  opened  the  clear  central  portion  is  seen  to 
contain  a  small,  round  cyst.  The  cyst  lies  just  below  the  epidermis, 
and  is  evidently  the  cause  of  the  slight  bulging  noted  above.  The 
cases  in  which  a  clear  spot  was  absent  were  found  to  represent  early 
conditions  of  encystment.  The  cysts  were  nearly  globular,  from 
0.4  to  0.7  mm.  in  diameter.  Their  walls  were  comparatively  thick, 
and  composed  of  concentric  layers  of  dense  fibrous  connective  tissue. 
A  considérable  number  of  thèse  cysts  were  examined  with  the  resuit 
that  a  larva,  or  the  évidence  of  the  former  présence  of  a  larva,  was 
found  in  each. 

One  cyst,  which  measured  0.56  mm.  in  diameter,  had  walls  which 
were  0.15  mm.  thick,  and  contained  a  larva  which  measured  0.22  mm. 
in  length  and  0.14  mm.  in  breadth.  Another,  from  which  a  part  of 
the  wall  had  been  removed,  measured  O.oG  mm.  in  diameter,  with 
walls  0.11  nmi.  thick.  It  contained  a  larva  which  suggested  the 
genus  Holostomum.  There  was  a  structure  which  appeared  to  be 
the  rudiment  of  a  comparatively  large  sucker-like  organ,  0.15  mm.  in 
length  and  0.14  mm.  in  breadth.  Two  small  suckers,  not  satisfac- 
torily  made  out,  measured  0.036  mm.  and  0.018  mm.,  rcspectively, 
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in  diameter.  It  was  not  clear  whethcr  thèse  latter  structures  repre- 
sented  an  oral  sucker  and  pharynx,  or  an  oral  and  ventral  sucker. 
Another  spécimen,  when  removed  from  its  cyst,  and  flattened  under 
the  cover-glass,  revealed  two  small  sucker-Iike  organs  which  sug- 
gested  oral  sucker  and  pharynx.  The  length  of  this  larva  compressée! 
was  0.28  mm.  It  had  what  appeared  to  be  the  remuant  of  the  tail 
of  a  cercaria.  No  larva  was  found  which  could  be  referred  with 
certainty  to  either  of  the  gênera  Distomum,  Diplostomum,  or  Holos- 
toraum.  The  greater  number  of  the  larvœ  which  were  examined 
were  living.  A  few  cysts  were  found  which  contained  granular, 
decpcnerate  tissue  onlv.  Thèse  came  from  a  fish  which  had  rather 
numerous  cysts.  None  of  the  larvœ  seen  were  sufficiently  developed 
to  admit  of  satisfactory  détermination.  In  more  than  one  case  the 
genus  Holostomum  was  suggested,  and  in  at  least  one,  the  genus 
Diplostomum  dimly  indicated. 

Sections  of  the  cysts,  while  revealing  some  interesting  détails, 
throw  no  light  on  either  the  spécifie  or  generic  identity  of  the  larva. 

They  are  probably  near  the  form  found  by  Stafi^ord  in  Semotilus 
bullaris  and  Esox  lucius,  and  called  by  him  Diplostomum  parvulum. 
(Zool.  Anzeig.,  27,  p.  494.) 

Touching  the  source  of  infection  not  much  can  be  said  with  cer- 
tainty at  présent.  Some  data  were  collected  which,  it  was  hoped, 
might  afîord  some  due  to  the  life  history  of  the  parasite.  Of  the 
sixty  or  more  fish  which  were  examined  for  skin  parasites  about 
half  were  examined  for  internai  parasites.  Thus  the  contents  of  the 
alimentary  canals  were  washed  and  decanted  several  times  and  then 
examined  very  carefuUy.  They  were  found  to  be  unusually  free  from 
entozoa. 

Two  spécimens  of  a  distome  were  found,  one  in  each  of  two  trout. 
I  hâve  not  attempted  to  identify  the  species  further  than  to  satisfy 
myself  that  they  hâve  nothing  to  do  with  the  skin  parasite.  A  few 
notes  made  at  the  time  of  collecting  are  hère  given  : 

Length  2.45  mm.,  breadth  1.26  mm.;  diameter  of  oral  sucker 
0.32  mm.,  of  pharynx  0.23  mm.,  of  ventral  sucker  0.43  mm.;  ova 
comparatively  large,  0.060  by  0.045  mm.  in  the  two  principal  diam- 
eters.  When  compressed  the  greatest  breadth  was  at  about  the  an- 
terior  third  in  the  vicinity  of  the  ventral  sucker,  whence  it  tapered  to 
the  posterior  end,  and  slightly  to  the  bluntly  rounded  anterior  end. 

Two  only  of  the  trout'  examined  harbored  cestode  parasites. 
Thèse  belonged  to  the  species  Dibothrium  infundihuliforme.  Of 
thèse  there  were  4  scoleces  and  several  fragments  of  strobiles,  the 
longest  measuring  70  mm.,  in  one  fish;  and  15  scoleces  and  several 
fragments  of  strobiles,  the  longest  35  mm.,  in  the  other. 

The  food  of  the  trout  examined  for  entozoa  was  insects  and 
snails,  of  which,  especially  of  the  latter,  there  was  great  abundance 
in  the  lake. 
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A  jar  of  material,  collected  from  the  margin  of  the  lake  by  Dr. 
Tarleton  H.  Bean,  was  turned  over  to  me.    It  contained  the  foUowing: 

1.  RcDia  viridesceiis. 

2.  Rana  catesheyana  (tadpole). 

3.  DiemycAilus  viridesceiis. 

4.  Planorhis  frivolvis. 

5.  Limnea  cohimella. 

6.  Leech. 

7.  Caddis-fly  larvse. 

8.  Clusters  of  insect  eggs  on  leaf  of  fiag. 

The  mantels  of  the  snails  were  thickly  beset  with  minute  cysts 
having  thick  walls.  A  typical  cvst  was  oval  and  measured  0.037  by 
0.025  mm.  in  the  two  principal  diameters. 

There  was  no  opportunity  of  examining  any  fish-eating  birds  in  the 
vicinity  of  the  lake;  indeed  no  birds  of  this  kind  were  seen.  One  of 
the  care-takers  of  the  estate  told  me  that  in  the  migratory  season 
many  water-birds  pass  that  way;  also  that  kingfishers  fréquent  the 
lake,  and  further,  that  a  pair  of  hérons  nested  somewhere  in  the 
forest  bordering  the  lake,  and  fished  at  night  in  the  lake. 

Since  it  is  well  known  that  species  of  Diplostomum  are  liarbored 
in  the  adult  stage  by  the  héron  and  other  fish-eating  birds,  and  that 
the  immature  stage  of  species  of  this  genus  occurs  encysted  in  the  liver 
and  other  viscera  of  sevcral  species  of  fish,  I  felt  justified  in  conclud- 
ing  that  the  skin  parasite  of  the  trout  in  this  Catskill  lake  are  imma- 
ture encysted  forms  of  a  trematode  which  has  some  fish-eating  bird 
for  its  final  host.  That  the  fish  probably  became  infected  when  the 
lake  is  visited  by  migratory  water-birds  in  the  autumn  and  §pring. 
Also  that  a  lessening  of  the  degree  of  parasitism,  in  case  it  should 
increase  enough  to  become  annoying,  might  be  expected  if  systematic 
efforts  were  taken  to  keep  fish-eating  })irds  from  frequenting  the  lake. 

What  relation,  if  any,  the  encysted  parasite  of  the  snails  has  with 
the  skin  parasite  of  the  trout  I  am  unable  to  say. 

My  observations  at  the  lake  were  confined  to  the  evening  of  the 
3d  and  the  day  of  the  4th  of  July.  A  thorough  study  of  such  a 
lake  with  observations  extending  over  ail  the  months  of  the  year 
should  yield  valuable  results. 

Since  writing  the  foregoing,  I  hâve  received  an  answer  to  my 
letter  of  inquiry  from  INIr.  S.  D.  Coykendall,  the  owner  of  the  estate 
on  which  Aider  Lake  is  situated.  At  the  risk  of  appearing  to  be  doing 
the  unprofessional  thing  of  publishing  a  testimonial  from  a  patient, 
I  venture  to  make  the  foUowing  cjuotation  from  Mr.  Coykendall's 

letter  : 

RoNDOUT,  N.  Y.,  Aug.  13,  1907. 

...  I  am  glad  to  say  that  your  diagnosis  was  entirely  correct.  We  opened 
a  vigorous  campaign  against  the  kingfishers,  and  the  spots  rapidly  diminished. 
At  présent  there  are  practically  none. 


THE    FRESH  WATER  MUSSELS  IN  RELATION  TO  THE 
BUTTON    INDUSTRY:   THE    QUESTION    OF 
FUTURE   SUPPLY- 

W.  C.  CURTIS 

DuRiXG  the  past  three  years,  the  writer  and  his  colleague,  Pro- 
fesser (Teorge  Lefevre  of  the  University  of  ]Missouri,  hâve  been  engagée! 
in  a  study  of  the  fresh  water  mussels  from  the  Mississippi  Valley, 
with  a  view  to  determining  what  can  be  done  to  conserve  and  increase 
the  supply  of  such  forms  as  are  used  in  the  making  of  pearl  buttons. 
This  investigation  has  been  under  the  patronage  of  the  United  States 
Bureau  of  Fisheries  which,  in  the  spring  of  the  présent  year,  was 
able  to  outline  a  much  more  extensive  and  definite  program  of  in- 
vestigation than  its  means  had  previously  allowed.  This  increased 
activity  in  the  investigation  is  made  possible  by  the  funds  secured  for 
the  Bureau  through  the  représentations  of  the  pearl  button  manu- 
facturers,  ail  of  whom  agrée  that  this  important  industry  will  be 
facing  a  very  serions  crisis  unless  some  steps  can  be  soon  taken  for 
the  protection  of  the  existing  supply  and  its  increase  by  methods  of 
artificial  propagation. 

The  shell  fishing  began  with  the  making  of  the  first  buttons  in 
1891  at  ]\Iuscatine,  lowa,  and  from  that  day  has  steadily  increased. 
In  1898  the  U.  S.  Fish  Commission  investigated  the  industry  and 
published  a  quite  extensive  report  on  its  history  and  its  condition  at 
that  time.  This  report  pointed  out  the  complète  destruction  of  beds 
in  the  ^lississippi  which  a  few  years  before  had  seemed  inexhaustible, 
and  laid  particular  emphasis  upon  the  warning  that  such  reckless 
destruction  as  was  then  going  on  must  inevitably  reduce  the  supply 
of  raw  material  to  a  point  where  it  would  be  commercially  impos- 
sible, even  if  the  species  used  were  not  exterminated.  This  warning, 
if  heeded  at  ail,  produced  little  resuit  and  now,  ten  years  later,  we 
are  confronted  with  a  situation  where  the  supply  is  fast  approaching 
the  danger  point  and  where  the  industry  in  so  far  as  it  dépends  upon 
a  cheap  local  supply  of  raw  material,  is  doomed  to  failure  unless  adé- 
quate steps  can  soon  be  taken  to  place  the  mussel  supply  upon  a  per- 
manent basis. 

In  a  récent  trip  to  the  factories  at  the  centre  of  the  manufacturing 
région,  the  writer  was  everywhere  assured  of  cordial  and  active  help 
by  the  men  engaged  in  the  business  and  of  their  désire  to  so  bring 
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before  Congress  the  needs  of  their  industry  as  to  insure  adéquate 
financial  support  for  whatever  investigations  the  Fisheries  Bureau 
wishes  to  pursue.  We  hâve,  therefore,  every  hope  that  the  investiga- 
tion will  proceed  unhampered  in  the  matter  of  funds,  and  as  the  Bureau 
has  given  us  entire  freedom  in  the  investigation,  simply  asking  that 
we  put  forth  our  best  efforts  toward  the  sohition  of  the  problem  and 
take  up  any  and  ail  problems  which  seem  to  hâve  any  bearing  upon 
the  question  of  increasing  the  supply,  we  hope  to  receive  no  check 
to  our  plans  save  from  the  exigencies  of  the  problems  in  hand.  While 
making  a  survey  of  the  existing  beds  we  expect  to  spend  much  of  the 
open  season  each  year  in  the  examination  of  old  and  new  localities 
throughout  the  ]\Iississippi  Valley,  and  this  work  will  be  augmented 
by  spécial  expéditions  which  will  be  sent  ont  to  particular  localities 
by  the  Bureau.  This  last  has  already  been  begun  by  the  investigation 
of  the  iNIississippi  and  the  Ohio  rivcrs  in  the  présent  summer. 

At  the  University  of  jMissouri  in  Columbia,  Missouri,  we  hâve, 
during  the  past  three  years,  continued  studies  which  I  began  some 
years  before  ând  which  by  the  artificial  infection  of  hsh  with  glochidia 
hâve  given  us  every  reason  to  believe  that  we  can  this  fall  begin  the 
infection  of  fish  on  a  large  scale  and  the  turning  of  them  loose  in 
localities  favorable  to  the  mussels  when  they  leave  the  fish.  The 
species  used  in  our  aquaria  hâve  lived  even  after  the  rough  handling 
incident  to  dissecting  them  from  the  fish  just  before  they  would  nor- 
mally  drop  from  the  fins  and  when  allowed  to  detach  themselves  in 
the  normal  fashion  are  entirely  al)le  to  take  up  their  life  on  the  bottom. 
An  examination  of  fish  from  localities  where  mussels  abound  shows 
but  few  which  are  infected  with  glochidia,  while  experiments  with 
similar  fish  show  them  to  be  capable  of  carrying  many  more  of  the 
parasites  than  the  chance  of  nature  ever  brings  to  them,  and  this 
extra  infection  is  easily  accomplished  by  confining  them  for  a  few 
moments  in  a  small  mass  of  water  containing  glochidia  in  the  proper 
stage  of  development.  Indeed,  the  only  thing  to  be  guarded  against 
is  an  over-infection  in  which  the  présence  of  hundreds  of  glochidia 
on  a  single  fin  may  cause  the  death  of  the  fish  within  a  few  days. 

We  believe  from  experiments  with  différent  species  of  miimows, 
perch,  and  sunfish  that  a  number  of  very  interesting  points  may  be 
brought  ont  by  a  thorough  study  of  the  reaction  of  différent  species 
to  the  glochidium. 

That  bodies  of  water  suitable  for  a  given  species  may  be  stocked 
with  that  form  by  the  introduction  of  fish  infected  with  the  glochidia 
of  the  species,  we  believe  is  demonstrated  l)y  a  study  of  certain  arti- 
ficial ponds  in  the  vicinity  of  Columbia,  Missouri.  In  this  région  it 
is  custoraary  by  excavating  or  damming  to  produce  ponds  of  varying 
size  in  which  the  water  is  held  the  year  round  by  the  impervious  nature 
of  the  clay  soil.  Many  of  thèse  ponds  hâve  been  stocked  with  fish, 
and  frequently  the  exact  âge  as  well  as  the  dates  of  stocking  can  be 
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easily  obtained.  We  hâve  thus  a  miscellaneous  record  of  ponds  ail 
the  way  l'rom  forty  years  or  more  of  âge  to  those  of  a  few  years  back. 
Twelve  separate  ponds  hâve  been  found,  ail  of  them  now  containing 
fish,  which  hâve  also  in  varying  abundance  the  species  Unio  tctrulas- 
mus  suy  which  it  seems  uniikely  can  hâve  been  introduced  in  any 
way  save  as  glochidia  attached  to  fish.  From  one  pond  wliich  is  six 
years  of  âge  and  into  which  the  fish  were  introduced  during  the  first 
season,  we  hâve  taken  many  spécimens  of  this  mussel  as  long  as  four 
inches,  and  I  hâve  been  told  by  one  of  the  button  manufacturers  who 
examined  thèse  shells  that  it  would  be  possible  to  make  buttons  from 
such  shells,  though  their  thinness  would,  of  course,  prevent  the  but- 
tons being  of  the  best  quality.  The  uniform  nature  of  thèse  ponds, 
the  fact  that  various  species  of  fish  from  many  localities  hâve  been 
introduced  into  them,  and  that  only  one  species  of  mussel  is  found, 
suggests  that  of  the  glochidia  introduced  only  those  of  Unio  tetndasmus 
say  hâve  become  adult  since  it  is  hardly  likely  that  such  a  miscel- 
laneous  collection  of  fish  could  hâve  had  but  one  species  of  mussel 
infectino;  them  ail. 

The  planting  in  such  ponds  of  heavy  shelled  mussels  suitable  for 
button  making  lias  shown  that  the  adults  can  live  for  a  period  of  two 
years  at  least,  hence  the  destruction  of  the  species  other  than  U. 
tetralasmus,  if  it  occurred,  would  seem  to  be  in  the  early  stages.  The 
thorouffh  studv  of  the  conditions  most  favorable  for  the  survival  of 
the  désirable  species  in  ponds  and  streams  is,  of  course,  essential  to 
a  satisfactory  method  of  artificial  propagation  ;  and  we  also  feel  that 
there  are  bound  up  in  it  many  points  of  considérable  theoretical 
interest. 

If  we  now  outline  the  work  under  way  and  the  ends  to  be  accom- 
plished  they  may  be  briefly  stated  as  follows  :  — 

1.  To  work  out  a  practical  method  of  artificial  propagation. 

2.  To  détermine  by  the  investigation  of  the  growth,  distribution, 
habits,  and  habitat  of  thèse  forms,  what  are  the  rational  methods  to 
be  employed  in  maintaining  beds  which  are  or  shall  be  established. 

3.  To  monograph  the  embryology  of  American  Unionidse  in  such 
a  way  that  our  own  results  and  the  scattered  papers  of  the  literature 
may  ail  be  brought  into  a  convenient  place,  and  to  do  the  same  ser- 
vice for  such  other  lines  of  observation  as  are  covered  thoroughly  in 
the  course  of  the  work. 

Such  an  investigation  will,  I  believe,  tax  one's  best  efforts  in  the 
study  of  purely  scientific  problems  and  if  it  shall  eventually  succeed 
in  placing  an  industry  employing  thousands  of  individuals  and  repre- 
senting  millions  of  invested  capital  upon  a  safe  foundation  it  will 
need  no  further  justification. 


THE    PEARL    FISHERIES   OF    NORTH    AMERICA  AND 

HOW   CAN    THE    UNIOS    BE    PROTECTED    FROM 

EXTERMINATION  ? 

GEORGE  F.   KUNZ. 

That  the  first  fishing  of  the  pearl-mussel  in  the  United  States 
was  not  for  pearls  seems  very  évident  from  the  fact  that  \ve  find 
fresh-water  shell  heaps  at  some  distance  from  the  shore,  ail  the  way 
from  Ohio  to  Idaho,  and  even  into  British  Coliimbia.  It  is  almost 
certain  that  the  shell  was  first  soiight  by  the  aborigines  for  the  animal 
which  it  contained,  and  which  they  used  as  food,  and  that  the  pearls 
were  found  by  chance,  although  they  were  soon  appreciated  and 
used  as  ornaments. 

Since  the  finding  of  the  pearl  in  this  country  there  hâve  been 
numerous  "pearl-fevers."  The  first  was  that  in  the  ]Moravian  set- 
dement,  near  Bethlehem,  Pa.,  in  1777.  Then  the  great  excitement 
at  Notch  Brook,  N.  J.,  in  1856,  when  the  Queen  Pearl  was  found, 
which  was  subsequendy  sold  through  Titfany  &  Co.  to  the  Empress 
Eugénie  for  12,500  francs.  This  led  to  the  absolute  cleaning  out  of 
every  brook  in  the  State  of  New  Jersey,  and  the  excitement  spread 
westward  for  a  number  of  years.  From  about  1865  to  1870  the 
Little  Miami  River  and  its  tributaries  were  fished  in  the  same  ruth- 
less  manner.  Thereupon  followed  the  excitement  in  Wisconsin,  in 
the  vicinity  of  Albany,  and  in  other  places.  Soon  after,  great  enthu- 
siasm  was  aroused  by  the  discovery  of  pearls  in  the  State  of  Tennes- 
see, in  the  vicinity  of  the  Quincy  River.  Then  came  the  turn  of  the 
White  and  Black  rivers,  and  certain  inland  lakes  in  the  State  of 
Arkansas.  A  little  later  the  upper  Mississippi  Valley  in  the  vicinity 
of  Des  Moines  became  the  scène  of  opérations;  for  hundreds  of 
miles  up  and  down  the  river  boats  were  fitted  out,  rakes  were  used, 
and  the  mollusks  were  gathered  by  the  hundred  ton,  so  many,  in 
fact,  that  one  hundred  button  factories  were  established,  and  pearls 
hâve  been  sent  to  New  York  and  the  European  markets  by  the 
hundred  and  the  thousand  ounces,  so  that  it  may  be  safely  said  that 
at  least  $200,000,  if  not  as  much  as  $500,000,  worth  of  pearls  in  one 
year  hâve  been  obtained  from  thèse  waters. 

About  eight  years  ago  the  writer  endeavored  to  hâve  a  bill  in- 
troduced  in  our  législature,  regulating  the  fishing,  as  this  had  been 
done  in  Saxony  for  nearly  two  hundred  years;  but  he  was  op- 
posed  on  the  ground  that  a  trust  was  endeavoring  to  interfère  with 
the  rights  of  the  poor  working  man.    The  resuit  is  that  at  this  writ- 
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ing,  with  tlic  (>xc(>ptit)ii  of  iho  four  liundred  iiiiU\s  of  the  Wabash 
fisheries,  whicli  wcrc  oponed  (hrcc  ycars  ago,  aiul  thosc  of  tho  Illinois 
River  fisheries,  ail  ihv  fisheries  j)reviously  rnentioiied  hâve  beeii 
depleted,  and  tli(>  fresh-water  mvissel  lias  not  only  bceii  reeklessly 
destroyed,  but  in  niany  cases  lias  heen  alniost  entirely  eradieated 
from  the  waters  of  the  hrooks  and  rivers  whieli  fornicrly  teenied 
with  this  fonn  of  lif(>. 

The  late  1  )r.  Isaae  Lee  lias  deseribed  sonie  hiindreds  of  s|)(>eies 
of  Unio,  —  sj)eeiinens  whieti  lie  owned  liiniself,  -  and  lie  lias  for- 
tunately  doiiated  a  large  collection  to  the  United  States  National 
Muséum,  so  that  no  niatter  what  may  resuit  \ve  are  assured  tliat  onc 
great  collection  will  exist  in  this  country. 

American  Fresh  Waters 

The  most  recently  developed  pearl  fisheries  are  withiri  the  liniits 
of  the  United  States,  in  the  rivers  and  fresh-water  lakes,  and  espe- 
cially  those  in  the  INIississippi  Valley.  As  an  important  iiidustrial 
enterprise,  thèse  fisheries  are  less  than  two  décades  old,  yet  they 
are  very  productive,  yielding  annuaUy  above  lialf  a  million  dollars' 
worth  of  pearls,  many  of  which  compare  favoral)ly  with  the  choieest 
from  Oriental  seas. 

The  prehistoric  mounds  in  the  Mississippi  Valley  présent  évi- 
dence of  the  estimation  in  which  pearls  were  held  by  a  race  of  men 
who  passed  away  âges  before  America  was  first  visited  by  Europeans. 
In  some  of  thèse  mounds,  erected  l)y  a  long-forgotten  race,  |)earls 
hâve  been  found  not  only  in  hundreds  and  in  thousands,  but  l)y 
pecks  and  even  by  bushels.  Some  of  thèse  equal  three-(|uarters  of 
an  inch  in  diameter,  and  in  quantity  exceed  the  richest  individual 
collections  of  the  présent  day.  Damaged  and  partly  decomposed  by 
beat  and  throujrh  centuries  of  burial,  they  hâve  lost  their  beauty, 
and  are  of  value  only  to  the  archteologist  and  to  indicate  the  great 
wealth  of  pearly  treasures  possessed  by  thèse  early  people. 

In  each  of  five  distinct  groups  of  mounds  in  Ohio,  Dr.  E.  H. 
Davis  found  hundreds  of  pearls,  some  spherical,  but  mostly  irregu- 
lar,  and  measuring  from  one-fourth  to  three-quarters  of  an  inch  in 
diameter.' 

More  recently  large  deposits  of  pearls  were  found  in  tumuli  of 
the  Scioto  and  iVIiami  valleys  in  Ohio.  From  one  mound  in  Little 
Miami  valley  Prof.  F.  W.  Putnam  secured  00,000  pearls,  "nearly 
two  bushels  "  in  measure,  some  drilled  and  some  undrilled.  In  the 
Marriott  mound  he  found  over  250  pearls,  ail  drilled  and  varying  in 
size  from  one-tenth  to  one-half  inch  in  diameter."     Thèse  were  de- 

'  Squier  and  Davis,  A  ncient  Monuments  ofthe  Mississippi  Valley,  p.  252,  Wash- 
ington, 1S48. 

^  Eighteenth  Report,  Peabody  Muséum,  p.  449,  1SS6. 
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composée!  and  partly  disintegrated,  so  that  they  would  crumble  when 
handled;  but  it  is  probable  that  when  new  they  were  lustrons  and 
beautiful. 

Within  the  Hopewell  group  of  mounds  near  Chillicothe,  Ohio, 
Mr.  W.  K.  ]\Ioorehead  secured  in  1891-1892  two  or  three  bushels 
of  pearls,  numbering  several  hundred  thousand,  ranging  in  size  from 
that  of  a  small  millet  seed  to  one-half  of  an  inch  in  diameter,  and 
ail  rudely  drilled,  apparendy  for  the  purpose  of  attaching  them  to 
clothing.  Many  smaller  collections  were  found  in  the  groups  above 
mentioned,  but  in  isolated  mounds  outside  of  thèse  main  groups  few 
pearls  hâve  been  reported. 

The  first  awakening  to  a  realization  of  the  value  of  fresh-water 
pearls  in  America  occurred  fifty  years  ago,  when  several  beautiful 
gems  were  marketed  from  the  northern  part  of  New  Jersey.  The 
story  of  this  find  has  been  frequently  told.  A  shoemaker  named 
David  Howell,  who  lived  on  the  outskirts  of  Paterson,  occasionally 
relieved  the  monotony  of  his  trade  by  a  fishing  excursion  to  some 
neighboring  stream,  where  he  would  usually  collect  a  "mess"  of 
mussels.  Returning  from  one  of  thèse  visits  to  Notch  Brook  in  the 
spring  of  1857,  the  mussels  were  fried  with  the  usual  abundance  of 
grease  and  beat.  After  this  préparation,  one  of  them  was  found  to 
contain  a  large,  round  pearl  weighing  "nearly  400  grains,"  which 
possibly  might  hâve  proven  the  finest  of  modem  times,  had  not  its 
luster  and  beauty  been  destroyed  by  the  beat  and  grease/  Had  the 
pearl  been  discovered  in  time,  its  value  might  hâve  exceeded  $25,000, 
thus  making  poor  Howell's  fried  mussels  one  of  the  most  expensive 
suppers  ever  served  in  America. 

Hoping  to  duplicate  his  wonderful  find,  Howell  collected  and 
searched  other  mussels,  and  his  example  was  followed  by  several  of 
his  neighbors.  Within  a  few  days  a  magnificent  pink  pearl  was 
found  by  a  Paterson  carpenter  named  Jacob  Quackenbush.  This 
weighed  93  grains,  and  was  sold  to  Messrs.  Tiffany  &  Co.,  New  York 
City,  for  SI, 500;  and  by  them  it  was  sold  for  1*2,500  francs  to  the 
young  and  beautiful  Empress  Eugénie,  from  whom  and  from  its 
great  luster  it  derived  the  name  "Queen  Pearl."  Its  présent  market 
value  would  doubtless  amount  to  $10,000  or  more. 

When  news  of  the  very  large  price  received  for  Quackenbush's 
find  became  public,  great  excitement  developed  in  the  vicinity  of 
Notch  Brook.  Persons  came  from  ail  directions  to  search  in  the 
shallow  streams  for  valuable  pearls.  Farmers  of  the  neighborhood 
tried  their  luck,  and  also  mechanics  and  other  résidents  of  the  adja- 
cent villages  and  towns,  and  even  from  Newark,  Jersey  City,  and 
New  York.  An  old  résident,  who  was  an  eye-witness,  describes  the 
scène  as  one  of  great  animation,  the  crowds  of  people  and  the  horses 
and  wagons  along  the  shore  giving  "an  appearance  of  camp-meeting' 
'  Frank  Leslie's  Magazine,  Vol.  III,  pp.  384-386,  1857. 
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time."  At  least  one  schoolmaster  in  the  vieinity  is  said  to  hâve  closed 
his  school  to  give  his  pupils  an  opportunity  to  engage  in  the  hunt. 

Witii  troiisers  rolled  up,  the  people  waded  into  the  shallow  water 
and  sought  for  the  mussels  in  the  mud  and  sand  on  the  bottom.  Many 
pearls  were  secured,  but  none  approached  in  size  or  value  the  two 
above  noted.  During  1857,  the  New  York  City  market  received 
about  SI 5,000  worth  of  pearls  from  thèse  waters,  and  in  addition 
many  were  sold  locally  or  retained  as  souvenirs  of  the  hunt.  At  the 
low  priée  of  pearls  existing  then,  this  figure  would  mean  possibly 
ten  times  as  much  at  présent,  or  $150,000. 

The  active  search  soon  depleted  the  resources  of  the  little  stream, 
so  that  in  the  following  year  the  reported  value  of  the  yield  was  only 
a  few  thousand  dollars.  The  decrease  continued  until  in  a  few  years 
practically  every  mussel  was  removed,  and  at  présent  scarcely  a 
single  Unio  is  to  be  found  in  thèse  waters. 

The  interest  in  pearling  extended  far  from  the  place  of  the  original 
find;  and  in  Pennsylvania,  Ohio,  and  even  as  far  away  as  Texas, 
search  was  made  in  the  streams.  In  the  Colorado  and  its  tributaries, 
about  20,000  were  found  in  a  short  while.  Most  of  thèse  were  small 
and  unattractive,  but  a  consideralile  number  were  reported  "as 
large  as  pepper-corns  "  and  a  few  "the  size  of  a  small  rifle  bail," 
the  number  decreasing  with  the  increase  in  size.  A  correspondent 
in  the  Neue  Zeit  wrote: 

"Sometimes  they  are  round,  sometimes  cylindrical,  elliptical,  hemi- 
spherical,  or  of  an  altogether  irregular  shape.  The  finest  hâve  a  milk- 
white,  silvery  sheen;  many,  however,  are  reddish,  yellow,  bluish  brown, 
or  quite  black;  the  last  naturally  hâve  no  value  whatever.  As  to  their 
value,  there  is  considérable  uncertainty,  and  it  eau  easily  be  understood 
that  those  who  hâve  a  great  number  of  them  in  their  possession  greatly 
overestimate  them.  So  far  they  are  found  principally  in  the  Llano  and 
the  San  Saba."  ^ 

After  the  resources  in  northern  New  Jersey  were  depleted  and  the 
excitement  had  died  out,  little  was  heard  of  pearling  in  this  country 
until  1876,  when  many  were  found  in  Little  Miami  Hiver  in  south- 
western  Ohio.  During  that  year,  about  $25,000  worth  were  collected 
in  the  vieinity  of  Waynesville  on  that  stream.  ]Mr.  Israël  H.  Harris, 
a  banker  of  Waynesville,  then  began  collecting  thèse  pearls;  and  by 
purchasing  during  several  years  nearly  every  interesting  spécimen 
found  in  the  vieinity,  he  made  his  collection  one  of  the  largest  and 
best  known  in  the  country.  When  sold  some  years  ago,  it  contained 
several  thousand  pearls,  mostly  of  small  size,  averaging  in  weight 
little  more  than  one  grain  each.  Included  in  it  was  a  séries  of  orna- 
ments,  in  which  the  gems  were  arranged  according  to  color,  so  that 
in  one  the  pearls  were  green,  in  another  purplish  brown,  in  another 

>  Ausland,  No.  8,  p.  192,  185S. 
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pink,  in  another  waxy  white,  and  in  one  a  cream  white.  It  also  con- 
tained  a  button-shaped  pearl  weighing  38  grains,  also  several  pink 
ones  almost  transkicent.  A  pink  pearl  of  8  grains  was  admired  hy 
ail  who  saw  it  ;  by  reflected  light  this  had  the  color  and  translucency 
of  a  drop  of  molten  silver.  A  large  portion  of  this  collection  was 
exhibited  in  the  American  section  of  the  Paris  Exposition  in  1889, 
and  was  awarded  a  gold  medal. 

Frora  Ohio  the  industry  gradually  extended  westward  and  south- 
ward  and  new  fields  were  developed,  pearls  to  the  value  of  about 
$10,000  annually  coming  on  the  market  from  such  widely  sépara ted 
States  as  Vermont,  Kentucky,  Tennessee,  Florida,  Texas,  Washing- 
ton, etc.  However,  little  gênerai  interest  was  taken  in  fresh-water 
pearls  and  few  choice  ones  were  found  until  the  magnificent  resources 
of  the  upper  Mississippi  Valley  were  discovered.  Owing  to  the  ease 
with  which  the  mollusks  may  be  collected  by  wading,  it  was  in  the 
relatively  shallow  tribu  taries  that  the  fishery  first  developed  rather 
than  in  the  deep  channels  of  the  main  stream  and  of  the  large 
affluents. 

The  first  région  in  the  Mississippi  Valley  to  attract  attention  was 
southwestern  Wisconsin.  Early  in  the  summer  of  1889  many  beauti- 
ful  pearls  were  found  in  Pecatonica  River,  a  tributary  of  Rock  River, 
which  in  turn  empties  into  the  Mississippi.  Within  three  months, 
$10,000  wortlî  of  gems  were  sent  from  this  région  to  New  York  City 
alone,  including  one  worth  $500,  which  was  a  very  considérable  sum 
for  a  fresh-water  pearl  at  that  time.  The  interest  quickly  spread  to 
neighboring  waters,  and  within  a  short  time  pearls  were  found  also 
in  Sugar  River,  in  Apple  River,  in  Rock  River,  in  Wisconsin  River, 
and  in  the  Mississippi  in  the  vicinity  of  Prairie  du  Chien.  The  fact 
that  little  expérience  and  no  capital  was  required  for  the  business, 
drew  large  numbers  of  persons  to  the  newly-found  Klondike;  and 
the  finds  were  so  numerous  and  of  such  high  quality  that  about 
$300,000  worth  of  pearls  were  collected  before  the  end  of  1891, 
greatly  exceeding  ail  records  for  fresh  waters. 

Shortly  following  the  outbreak  of  pearling  in  Wisconsin  came  the 
development  of  interest  in  certain  parts  of  Tennessee.  For  many 
years  pearls  had  been  secured  from  the  Cumberland  and  Tennessee 
rivers  and  their  tributaries,  especially  Caney  Fork,  Duck,  Calfkiller, 
and  Elk  rivers,  the  headquarters  of  the  fishery  and  the  local  markets 
being  Carthage,  Smithville,  Columliia,  and  Arlington.  The  search 
had  been  conducted  in  a  moderate  way  by  pleasure  parties  in  the 
summer  and  by  farmers  after  the  crops  had  been  laid  aside. 

In  1901  interest  in  pearling  developed  in  the  mountain  régions 
of  eastern  Tennessee,  especially  along  Clinch  River.  Thèse  newly- 
discovered  resources  proved  so  valuable  that  the  local  interest  became 
very  great.  Vivid  and  picturesque  accounts  pul)lished  in  the  local 
papers  reported  hundreds  of  persons  as  camping  at  varions  points 
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along  the  streams,  some  in  tents  and  some  in  rough  shanties,  and 
others  going  from  shoal  to  shoal  in  newly-biiilt  liouseboats.  They 
were  described  as  easy-going,  pleasure-loving  people,  the  men, 
women,  and  children  working  hard  ail  day,  suhsisting  largely  on  fish 
caught  in  the  same  stream,  and  dancing  at  night  to  the  niusic  of  a 
banjo  around  the  camp-fires.  The  center  of  the  new  industry  was 
Clinton,  the  county  seat  of  Anderson  County,  whither  the  siiccessful 
hunters  betook  themselves  each  Saturday,  the  preferred  time  for 
selling  the  catch. 

The  next  outbreak  of  pearling  excitement  was  in  Arkansas,  in 
the  région  referred  to  by  Daniel  Coxe  two  centuries  ago  as  the  loca- 
tion of  great  pearl  resources.^  Although  in  récent  times  little  had 
been  heard  of  pearls  in  Arkansas  previous  to  1895,  they  were  not 
unknown  in  that  State.  For  years  they  had  been  picked  up  by  the 
fishcrmen,  and  used  as  lucky.  stones  or  given  to  the  children  for  play- 
things.  Some  had  come  into  possession  of  persons  acquainted  with 
their  value.  About  1,875  pearls  had  been  collected  by  a  party  of 
men  engaged  in  cutting  cedar  pôles  on  White  River;  in  1888  a  bril- 
liant  pear-shaped  pink  pearl  of  27  grains  was  secured  from  the  same 
river  and  sold  to  a  prominent  résident.  Little  had  been  said  about 
thèse  finds,  and  in  gênerai  the  people  of  Arkansas  had  slight  idea  of 
the  occurrence  or  the  value  of  pearls  in  those  waters. 

In  1895  a  surveying  party  on  White  River  found  pearls  in  the 
Unios  of  that  stream  and  collected  them  to  the  value  of  about  S5,000. 
News  of  this  discovery  attracted  attention  to  the  resource,  and  other 
persons  sought  for  the  gems  in  the  White  River  and  its  tributaries, 
in  the  St.  Francis  and  in  the  Arkansas  rivers.  The  unusually  low 
water  in  1896  facilitated  the  fîshery  and  resulted  in  the  discovery  of 
many  large  and  valuable  gems.  The  interest  developed  rapidly  and 
within  twelve  months  nearly  every  body  of  water  in  Arkansas  yielded 
pearls,  with  the  finds  most  extensive  and  valuable  in  White  River  and 
its  tributary  the  Black  River,  which  has  proved  to  be  the  richest 
pearling  région  in  America.  The  industry  centered  at  Black  Rock, 
more  than  a  thousand  persons  fishing  within  twenty  miles  of  that 
place.  It  is  estimated  that  within  three  years  following  the  develop- 
ment,  this  State  yielded  pearls  to  the  value  of  S500,000. 

When  the  Arkansas  fishery  was  at  its  height,  it  was  reported  that 
ten  thousand  persons  were  employed  therein.  The  fishermen  were 
from  nearly  every  class  and  condition  in  the  State.  Women  were  not 
absent  ;  even  children  participated  in  the  industry,  and  some  proved 
more  fortunate  than  the  older  hunters.  It  was  not  uncommon  to  see 
several  hundred  persons  congregated  at  one  bar  or  in  one  stretch  of 
the  river,  ail  intent  on  making  a  fortune,  and  ail  occupied  in  fishing 
or  in  opening  the  shells.  So  complète  was  the  absorption  of  the 
people  in  this  pursuit,  and  so  many  of  the  farm  hands  were  occupied 
*  A  description  of  the  English  province  of  Carolana,  pp.  82-84,  London,  1741. 
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in  the  eager  search  for  anticipated  fortunes,  that  the  local  papers 
reportée!  much  appréhension  and  difficulty  in  harvesting  the  cotton 
and  other  crops. 

The  relative  scarcity  of  pearls  in  the  Unios,  found  in  the  main 
channel  of  the  Mississippi,  and  the  gréa  ter  préparation  required  for 
gathering  the  raollusks  in  the  deep  waters,  retarded  the  fishery  until 
the  establishment  of  button  manufacture  afforded  a  market  for  the 
shells,  this  originating  in  1891.  The  industry  developed  rapidly,  and 
for  several  years  has  consumed  about  25,000  tons  of  shells  annually, 
taken  principally  from  the  Mississippi  between  Quincy  and  La  Crosse, 
and  to  a  much  less  extent  from  other  streams  in  this  valley.  This  is 
more  than  twice  the  total  product  of  mother-of-pearl  shell  in  ail 
other  parts  of  the  world.  However,  the  value  per  ton  is  very  much 
less  than  that  of  the  best  grade  of  mother-of-pearl  ;  that  from  Aus- 
tralia,  for  instance,  commonly  selling  for  $1,200  per  ton,  whereas  the 
Mississippi  shell  usually  sells  for  less  than  $20,  although  the  very 
choicest  may  bring  upward  of  $50  per  ton. 

The  gathering  of  shells  for  manufacture  has  extended  to  many 
of  the  large  tributaries  of  the  Mississippi,  especially  the  Arkansas, 
the  White,  the  St.  Francis,  the  Ohio,  and  the  Wabash  rivers.  And 
this  industry  has  added  largely  to  the  pearl  yield  in  thèse  waters. 

In  the  last  three  years,  one  of  the  scènes  of  greatest  activity  has 
been  the  Wabash  River  and  its  tributaries,  where  shell-coUecting 
developed  in  1903.  Camps  were  established  at  almost  every  town 
along  the  river  from  the  mouth  up  to  St.  Francis,  Illinois,  and  about 
one  thousand  persons  found  employment.  Some  of  the  most  beauti- 
ful  American  gems  hâve  come  from  this  river.  They  are  usually 
silvery  white  in  color  and  of  the  finest  luster,  A  single  pearl 
weighing  only  10  grains  has  been  sold  at  the  river  for  $1,000;  but 
it  is  frequently  the  case  that  a  fine  gem  will  sell  for  more  at  the  place 
where  found  than  in  the  great  markets. 

The  pearl-hunting  excitement  has  been  felt  even  on  the  Atlantic 
seaboard,  as  a  resuit  of  the  publication  of  the  discoveries  in  the 
Mississippi  Valley.  In  Maine  many  pearls  hâve  been  reported, 
especially  in  the  vicinity  of  Moosehead  Lake.  In  1901  over  100  were 
found  in  that  vicinity;  most  of  them  were  of  little  value,  but  more 
than  a  dozen  were  worth  $10  or  $15  each.  Three  found  by  Kineo 
guides  were  sold  for  an  aggregate  of  $300.  The  choicest  one  re- 
ported in  that  year  weighed  12|^  grains  and  sold  for  $150;  had  it  been 
perfect  in  form  and  luster  its  value  would  hâve  been  several  times 
that  amount.  Most  of  thèse  pearls  were  secured  by  Moosehead 
guides,  who  found  purchasers  among  the  visiting  fishermen  and 
hunters. 

Since  1901  many  farm  boys  as  well  as  guides  hâve  devoted  much 
attention  to  the  business,  some  of  them  deriving  as  large  a  revenue 
therefrom  as  from  the  use  of  the  rifle.     Good  finds  hâve  been  made 
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during  the  last  year  or  two  especially.  In  1906,  one  choice  pearl 
sold  for  S700,  and  many  hâve  sold  for  $10  to  $75  each.  The  search 
has  proven  so  alluring  that  returning  visitors  hâve  complained  that 
some  of  the  guides  care  to  do  little  more  than  search  every  rill,  brook, 
and  creek  they  corne  across,  looking  for  mollusks.  Just  at  présent 
the  principal  attention  seems  to  be  directed  to  the  streams  in  the 
western  part  of  Maine,  where  the  river  beds  are  more  sandy  and  the 
shellfish  more  abundant  than  in  the  northern  and  eastern  part  of 
the  State. 

The  mollusks  are  removed  from  the  river  bottoms  by  varions  means 
and  by  many  forms  of  apparatus.  In  the  shallow  streams  the  fisher- 
men  simply  wade  out  in  the  water  and  pick  up  the  shells  by  hand. 
If  not  really  visible  from  the  surface,  the  shells  may  be  located  with 
the  bare  feet  or  by  the  use  of  a  water-telescope.  Where  the  water 
is  too  deep  for  wading,  the  fishermen  work  from  small  boats  and  use 
garden  rakes  or  other  convenient  implements. 

\Miere  pearling  has  developed  into  more  of  an  industry,  spécial 
forms  of  rakes  and  drags  are  employed.  A  shoulder  rake,  with  a 
handle  12  to  20  feet  in  length,  is  used  extensively  under  the  ice  in 
frozen  rivers  and  in  lakes  and  other  places  where  the  water  is  still 
and  from  8  to  15  feet  in  depth.  This  is  simply  an  overgrown  or 
enlarged  garden  rake,  armed  with  12  or  15  iron  teeth  about  5  inches 
in  length.  A  wire  scoop  or  basket  is  attached  to  receive  the  catch  as 
it  is  pulled  from  the  bottom  by  the  teeth,  and  when  this  scoop  is  well 
filled  it  is  lifted  and  the  contents  dumped  on  the  ice  or  into  the  skifî. 
This  method  is  laborious  and  is  employed  only  where  the  water  is 
shallow  and  the  mollusks  are  abundant.  Scissor  tongs  —  similar  to 
those  used  by  oystermen  on  the  Atlantic  coast  —  are  also  employed 
in  some  localities,  especially  in  Arkansas,  where  it  is  estimated  that 
1,700  pairs  were  manufactured  and  sold  in  1899  and  1900,  at  about 
$7  each. 

In  the  large  streams  of  the  Mississippi  Valley,  with  their  slow  and 
steady  currents,  and  where  the  Unios  are  taken  largely  for  the 
use  of  the  shells  in  button-manufacture,  the  most  popular  form  of 
apparatus  since  1896  has  been  the  crowfoot  drag.  This  ingenious 
contrivance  consists  of  a  crossbar  of  hollow  iron  tubing  or  common 
gas  pipe,  6  or  8  feet  long,  to  which  are  attached,  at  intervais  of  5  or  6 
inches,  stout  twine  or  chain  snoods  or  stagings,  each  about  18  inches 
in  length.  To  each  of  thèse  are  attached  3  or  4  prongs  or  "  hooks  " 
about  6  inches  apart.  Thèse  "hooks"  are  four-pronged,  and  are 
made  of  two  pièces  of  stout  wire  bent  at  right  angles  to  each  other. 
According  to  the  depth  of  the  water,  from  25  to  75  feet  of  f-inch  rope 
is  attached  to  the  drag  for  the  purpose  of  towing  it  behind  the  boat, 
which  is  permitted  to  drift  down  the  stream  with  the  current.  This 
contrivance  costs  about  $3,  and  each  fisherman  generally  has  at 
least  two  of  them,  and  a  wide  flat-bottom  boat  costing  $5  or  $10. 
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Sometimes  when  the  current  is  light,  the  fisherman  prépares  a 
"mule  "  for  towing  the  boat  and  the  resisting  drag.  This  "mule  " 
consists  of  a  wooden  frame,  hinged  in  V-shape,  and  is  fastened  sev- 
eral  feet  in  advance  of  the  boat  with  the  V  end  pointed  down  the 
stream.  It  sinks  low  in  the  water,  and  the  current  pressing  against 
the  angle  carries  it  along,  and  thus  tows  the  skiff  and  the  resisting 
drag  at  a  uniform  rate  of  speed.  When  there  is  not  sufficient  current 
even  for  this  contrivance,  as  in  the  wide  reaches  and  in  the  lakes, 
oars,  and  even  sails  may  be  used  for  propelling  the  boat. 

In  the  Mississippi,  the  percentage  of  pearls  found  in  a  definite 
quantity  of  mollusks  is  less  than  in  the  tributary  streams,  yet  the 
much  greater  quantity  of  shells  collected  raises  the  total  yield  to  a 
very  considérable  amount.  Pearling  is  subordinate  and  incidental  to 
gathering  the  shells  for  manufacture.  In  that  length  of  the  river  from 
St.  Paul  to  St.  Louis,  a  fair  average  yield  to  the  fishermen  is  about 
$14  worth  of  pearls  and  slugs  to  each  ton  of  shells.  Of  course,  this 
is  not  the  individual  expérience,  for  a  single  Unio  may  contain  a  gem 
worth  S3,000,  and  on  the  other  hand  several  tons  of  shells  may  yield 
only  a  few  cents'  worth  of  baroques.  The  market  for  the  shells  places 
the  Mississippi  fishing  upon  an  industrial  basis  and  guarantees  a 
substantial  income  to  every  fisherman  even  when  no  pearls  what- 
ever  are  found. 

Unios  from  the  upper  part  of  the  Mississippi  yield  a  much  greater 
percentage  than  those  from  below  Davenport.  In  1904,  for  instance, 
from  the  4,331  tons  of  shells  taken  in  Wisconsin  the  fishermen 
secured  pearls  which  they  sold  for  $91,345,  an  average  of  $21  per  ton; 
from  the  822  tons  in  Minnesota  the  average  was  $16  per  ton;  in 
lowa  the  average  was  $12  for  each  of  the  7,846  tons;  in  Illinois,  $5 
per  ton  for  the  2,364  tons,  and  in  Missouri  less  than  $1  worth  of  pearls 
was  secured  by  the  fishermen  for  each  ton  of  shells  which  they  caught 
in  the  year  named.  A  large  number  of  choice  pearls  weighing  over 
30  grains  each  were  found  in  the  vicinity  of  Prairie  du  Chien  and 
McGregor.  Within  a  river  length  of  100  miles  in  that  région,  the 
fishermen  in  1904  gathered  pearls  which  ultimately  sold  for  $300,000. 

Success  in  the  occupation  of  pearling  is  as  spéculative  as  in 
that  of  mining.  In  the  White  River  in  Arkansas,  for  instance,  one  man 
found  $4,200  in  one  month.  Another  discovered  a  $50  pearl  in  the 
first  shell  he  opened.  A  negro  found  an  $85  pearl  the  first  day  he 
worked,  while  another  fisherman  worked  seven  months  and  secured 
less  than  $10  worth.  It  is  a  question  of  finding  or  not  finding; 
the  finding  brings  riches  sometimes,  and  though  the  failures  re- 
duce the  average  profits  as  low  as  in  other  local  ventures,  the  big 
prizes  affect  the  mind  and  the  average  is  lost  to  sight.  Taking  the 
country  as  a  whole,  it  is  probable  that  the  total  find  has  been  suffi- 
cient to  pay  the  average  fisherman  little  if  any  more  than  one 
dollar  for  each  day's  work. 
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The  outbreak  of  pearl-hunting  in  varions  parts  of  the  country  is 
frequently  chronicled  by  the  newspapers.  Thèse  dispatches  are  much 
aHke,  usually  teUing  how  some  fisherman  discovered  a  beautiful 
pearl  vvliich  he  sold  to  some  responsible  jeweler  for  an  amount  vary- 
ing  from  SlOO  to  §2,000.  The  dispatches  generally  state  further  that 
the  effect  of  the  find  has  been  remarkable  ;  the  whole  région  is  seized 
with  the  fever,  and  into  the  rivers  and  creeks  swarm  the  hunters  of 
both  sexes,  of  ail  âges,  and  from  ail  classes  of  the  community.  Fac- 
torymen  leave  their  mills,  farmers  their  crops,  and  merchants  their 
stores,  and  with  the  members  of  their  families  join  in  searching  for 
the  gems.  The  mussels  are  secured  by  whatever  means  is  most  con- 
venient.  If  valuable  finds  continue,  thousands  and  thousands  of 
mollusks  are  destroyed  in  the  search,  and  when  the  efforts  begin  to 
prove  futile,  the  excitement  subsides  almost  as  quickly  as  it  began. 
In  very  many  localities  the  industry  has  run  the  whole  gamut  of  the 
feverish  excitement  of  its  beginning,  the  humor  and  romance  of  its 
existence,  and  the  pathos  of  its  ending. 

If  disturbed  labor  conditions  at  the  height  of  the  excitement  were 
the  only  disagreeable  attendant,  thèse  pearling  furors  could  be  viewed 
more  favorably.  But,  unfortunately,  in  many  localities,  especially 
in  shoal  waters  of  restricted  area,  the  fishery  has  been  prosecuted  so 
vigorously  that  it  appears  probable  the  pearl  resources  will  be  very 
materially  impoverished  if  not  ruined  in  a  few  years,  unless  prompt 
and  décisive  protective  measures  are  adopted.  In  some  waters  the 
crowds  engaged  in  the  search  hâve  removed  practically  every  mussel 
without  regard  not  only  to  protecting  the  immature  mussels,  but  even 
to  the  necessity  for  preserving  breeding  mollusks.  Many  ponds  and 
small  river  basins  hâve  been  so  denuded  that  not  for  many  years,  if 
ever,  can  they  recover  their  former  wealth  of  pearl-bearers. 

This  state  of  afïairs  has  not  come  about  without  opposition  on  the 
part  of  those  interested  in  the  industry  and  the  gênerai  welfare  of 
the  localities.  Intelligent  and  well-directed  efforts  hâve  been  made 
to  protect  the  mussels  so  that  the  maximum  yield  of  pearls  may  be 
secured.  But  this  is  a  very  difficult  problem  to  deal  with.  It  in- 
volves not  only  the  methods  of  fishery,  but  the  question  of  sewage 
disposai  by  the  cities  and  the  large  factories,  through  which  large 
quantities  of  mussels  hâve  been  destroyed. 

Undoubtedly  it  will  be  difficult  to  devise  régulations  that  will 
be  satisfactory  alike  to  the  fishermen,  the  button-manufacturers,  and 
the  pearl-buyers.  The  great  desideratum  in  the  pearl  fisheries  —  of 
the  seas  as  well  as  in  the  fresh-water  streams  —  is  a  restriction  of  the 
gathering  to  such  mollusks  and  to  such  seasons  and  periods  of  years 
as  produce  the  largest  results  with  the  least  injury  to  the  permanency 
of  the  resources. 

It  is  generally  agreed  that  the  young  or  immature  mollusks  should 
be  protected.     Likewise  the  beds  should  not  be  disturbed  when  the 
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mollusks  are  loaded  with  young,  but  it  is  difRcult  to  sélect  particular 
months  which  would  be  better  for  close  season  than  any  others. 
The  propositions  which  seem  to  be  most  actively  advocated  impose 
restrictions  on  the  number  and  size  of  the  mussels  to  be  taken,  a 
cessation  of  fishing  from  January  1  to  May  31,  closing  certain  areas 
when  partly  depleted,  and  prohibiting  the  use  of  especially  injurions 
forms  of  apparatus.  But  whatever  is  donc  should  be  donc  with  rea- 
sonable  speed  before  the  pearl  hunters  and  the  button-manufacturers 
shall  kill  the  goose  which  for  some  years  has  been  laying  the  golden 
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Note  —  The  report  for  1908  of  the  United  States  Commissioner  of  Fisheries  notes 
that  the  distribution  and  habits  of  the  pearl-mussels  in  the  Mississippi  Valley  hâve 
been  the  subject  of  careful  biological  investigation.  The  g'reat  importance  of 
the  pearl-button  industry  of  the  United  States,  which  has  an  invested  capital  of 


THE   PEARL  FISHERIES  OF  NORTH  AMERICA        647 

S20,000,000  and  an  annual  output  $6,000,000,  has  induced  the  Bureau  of  Fisheries 
to  dévote  spécial  attention  to  the  sources  of  supply.  The  investigation  showed 
that  the  raw  material  upon  which  this  industry  dépends  was  being  rapidly  ex- 
hausted,  and  that,  unless  something  was  done  to  reinedy  this  condition,  tlie  in- 
dustry would  eventually  be  dcstroyed.  The  only  etîective  remedy,  the  scientific 
culture  of  the  mussels,  has  proven  successful  even  at  the  outset,  and  experiments 
in  this  line  hâve  been  carried  out  on  a  sufïiciently  extensive  scale  to  promise  good 
results.  On  large  lakes  and  streams  this  task  can  be  undertaken  by  the  Gov- 
ernment, and  in  the  smaller  bodies  of  water  as  a  private  enterprise.  The  work 
carried  on  by  the  Bureau  in  connection  \vith  the  rescue  of  fish  from  overflowed 
lands  can  be  combined  with  mussel-culture  at  but  slight  additional  expense. 

The  report  for  1909  (published  in  1910)  relates  the  progress  of  this  work.  The 
Bureau  of  Fisheries  has  undertaken  a  thorough  and  comprehensive  study  of  the 
biology  of  the  fresh-water  mussel,  and  also  of  the  physical  characteristics  of  the 
waters  they  inhabit.  Congress  having  made  provivsion  for  the  establishment 
of  a  station  where  the  culture  of  pearl-mussels  can  be  procured  on  an  adéquate 
scale,  the  représentatives  of  the  Bureau  visited  a  number  of  proposed  sites,  finally 
selecting  one  at  Freeport,  lowa,  as  that  best  fitted  for  the  purpose.  This  site, 
directly  on  the  bank  of  the  Mississippi,  comprises  sixty  acres  of  land,  and  the 
station  to  be  established  hère  will  be  more  especially  devoted  to  the  study  of  the 
best  methods  for  preserving  the  pearl-mussel,  and  thus  protecting  the  interests 
of  the  pearl-button  industry.  —  Reports  of  the  Commissioner  of  Fisheries,  1908, 
p.  9;  1909,  pp.  13,  14. 


ERADICATION    OF   THE    SOUTHERN   CATTLE   TICK 

B.   H.   RANSOM 

The  présence  of  the  so-called  Southern  cattle  tick,  Margaropus 
annuhdus,  lias  in  varions  ways  seriously  handicapped  the  cattle 
industry  of  the  Southern  United  States,  so  seriously  indeed  that  the 
project  of  eradicating  this  parasite,  recently  undertaken  by  the 
Bureau  of  Animal  Industry  in  coopération  with  the  State  authori- 
ties,  ranks  as  one  of  the  most  important  movements  toward  the 
amélioration  of  the  live-stock  industry  ever  inaugurated  in  this 
country. 

Cattle  ticks  through  their  mère  action  as  external  parasites,  by 
abstracting  comparatively  large  quantities  of  blood  from  their  hosts, 
injuring  the  skin,  and  causing  more  or  less  pain  and  irritation,  do 
no  small  amount  of  damage,  and  on  this  account  alone  they  are 
sufficiently  objectionable  to  justify  a  great  deal  of  expense  and  trouble 
in  getting  rid  of  them. 

The  chief  significance  of  the  cattle  tick,  however,  lies  in  the 
fact  that  it  is  the  agent  of  transmission  of  a  disease  of  cattle  known 
variously  as  Texas  fever,  Southern  cattle  fever,  splenetic  fever,  etc., 
and  it  is  to  this  relation  that  the  greatest  losses  for  which  the  Texas 
fever  tick  is  responsible  are  to  be  traced. 

Texas  fever,  it  will  be  recalled,  is  due  to  the  présence  of  a  pro- 
tozoan  parasite  in  the  blood  known  as  Piroplasmo,  bigeminum.  It 
will  also  be  recalled  that  infection  with  Texas  fever  occurs  as  a  resuit 
of  the  infestation  of  susceptible  cattle  with  larval  ticks,  which  hâve 
developed  from  eggs  deposited  by  ticks  that  hâve  matured  on  cattle 
harboring  within  their  l)lood  the  organism  of  the  disease.  This  is 
in  corrélation  with  the  life  history  of  Margaropus  annidcdus,  which 
attaches  to  the  body  as  a  larva,  undergoes  its  complète  development 
to  maturity  without  change  of  host,  then  falls  to  the  ground,  deposits 
its  eggs,  and  dies.  The  entire  parasitic  stage  is  thus  passed  on  a 
single  animal,  and  the  propagation  of  the  disease  accordingly  dépends 
upon  the  transmission  of  infection  from  one  génération  of  ticks  to 
the  next. 

A  peculiar  characteristic  of  Texas  fever  is  the  persistence  of  the 
causal  organism  in  the  blood  for  a  long  period  of  time  foUowing 
recovery  from  the  acute  manifestations  of  the  disease,  so  that  the 
blood  of  cattle  which  hâve  once  been  infected  remains  infections 
practically  for  life.  Young  animais  suffer  less  from  Texas  fever 
than  adults,  and  as  a  rule  show  scarcely  any  symptoms;  but  the 
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immiinity  which  they  acqui're  protects  them  as  fully  from  later  at- 
tacks  as  if  they  had  passed  through  a  severe  attack,  and  since  most 
of  the  cattle  in  the  tick-infested  area  become  infected  with  Texas 
fever  within  a  few  months  after  birth,  Southern  cattle  usually  pass 
through  life  apparently  unafïected.  The  immunity  which  follows 
recovery  from  the  immédiate  effects  of  infection  with  Texas  fever  is, 
however,  more  apparent  than  real,  since  relapses  are  liable  to  occur 
as  the  resuit  of  a  sudden  increase  in  the  number  of  parasites  in  the 
blood,  if  for  any  reason  the  résistance  of  the  animal  becomes  low- 
ered  ;  and  there  is  a  great  deal  of  loss  among  Southern  cattle  on  this 
account,  as  well  as  a  considérable  loss  due  to  the  infection  of  adult 
cattle  which  in  one  way  or  another  hâve  escaped  becoming  infected 
when  young. 

On  account  of  the  extensive  losses  from  Texas  fever,  which 
almost  invariably  follow  the  introduction  of  tick-infested  cattle  during 
certain  seasons  of  the  year  into  localities  normally  free  from  ticks, 
it  has  been  necessary  for  the  welfare  of  the  cattle  industry  at  large, 
in  spite  of  the  serions  handicap  which  it  places  upon  the  cattle  in- 
dustry of  the  South,  to  maintain  a  strict  quarantine  against  cattle 
of  the  tick-infested  territory. 

Summing  up  the  various  items  of  loss  traceable  to  the  cattle 
tick,  conservatively  estimated,  and  losses  due  to  quarantine  included, 
we  find  that  the  présence  of  this  parasite  in  the  South  créâtes  a  yearly 
loss  of  at  least  $40,000,000  ;  and  this  is  an  actual  loss,  without  réf- 
érence to  the  possibilities  which  rest  in  the  capacity  of  the  South  for 
greatly  increasing  the  magnitude  of  its  cattle  industry  if  it  were  free 
from  the  limitations  which  the  Texas  fever  tick  imposes. 

During  the  last  few  years  the  South  has  been  gradually  awaken- 
ing  to  the  importance  of  the  cattle  tick,  and  a  sentiment  in  favor  of 
attempting  its  eradication  has  been  rapidly  gaining  ground.  This 
increased  interest  in  the  tick  problem  finally  led  to  an  appeal  to 
Congress,  from  several  States  in  the  quarantined  area,  for  Fédéral 
aid,  as  a  resuit  of  which  Congress  has  specifically  authorized  the 
Secretary  of  Agriculture  to  undertake  expérimental  work  in  tick 
eradication  in  coopération  with  the  State  authorities.  For  the  first 
year's  work  $82,500  was  appropriated,  and  for  the  work  of  the  présent 
fiscal  year  ending  June  30,  1908,  a  second  appropriation  provides  the 
sum  of  SI  50,000. 

Although  tick  eradication,  on  the  scale  contemplated  in  the 
présent  undertaking,  is  a  task  of  great  magnitude,  with  many  diffi- 
culties  in  the  way,  there  can  be  little  doubt  in  the  light  of  past  suc- 
cessful  expérience  in  tick  eradication  in  various  localities,  that,  with 
proper  coopération  on  the  part  of  the  authorities  and  people  of 
the  States  concerned,  and  with  financial  support  from  Congress,  the 
tick-infested  area  will  undergo  a  great  réduction  in  size  within  the 
next  few  years,  and  it  is  indeed  within  the  limits  of  probability  that 
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ultimately  the  Texas  fever  tick  will  be  totally  eradicated  from  the 
United  States. 

For  its  distribution  the  cattle  tick  is  almost  entirely  dépendent 
upon  the  movements  of  its  host  animais,  as  even  in  its  larval  stage, 
whieh  is  the  most  active,  it  never  moves  unaided  more  than  a  few 
feet.  The  number  of  species  of  animais  which  may  act  as  hosts 
for  this  species  of  tick  is  limited,  and  cattle  are  the  only  hosts 
which  hâve  much  part  in  its  distribution.  Other  animais  and  winds, 
rains,  floods,  etc.,  by  carrying  the  adults,  eggs,  or  larvse  of  the  cattle 
tick  may  help  to  a  slight  extent  in  distributing  the  species,  but  thèse 
factors  are  unimportant  as  compared  with  the  movement  of  cattle. 

The  natural  limits  to  the  distribution  of  the  cattle  tick  are  es- 
tablished  by  cHmatic  conditions.  The  species  cannot  exist  in  arid 
régions,  nor  will  it  survive  from  year  to  year  in  localities  in  which  there 
is  much  freezing  weather.  It  is  not  possil:)le  on  the  basis  of  our 
présent  knowledge  to  détermine  definitely  the  limits  of  the  area 
within  which  the  natural  conditions  are  suitable  to  the  permanent 
existence  of  the  tick.  It  is  probable,  however,  that  in  the  eastern 
half  of  the  United  States,  if  unrestricted  by  huraan  agencies,  the 
tick  would  not  become  established  north  of  the  thirty-seventh  par- 
allel  of  latitude,  except  in  a  few  localities  (notably  Eastern  Virginia, 
where  it  has  occurred  as  far  north  as  the  thirty-ninth  parallel),  and 
that  in  some  régions  it  would  not  go  beyond  the  thirty-sixth  parallel. 
In  the  western  half  of  the  United  States  the  northward  range  of  the 
tick  is  still  further  restricted  by  natural  conditions,  except  in  Cali- 
fornia,  where  more  or  less  tick  infestation  has  existed  in  the  past  as 
far  north  as  the  thirty-ninth  parallel.  INIost  of  Arizona  and  New 
Mexico,  a  large  part  of  the  "panhandle"  of  Texas,  and  the  western 
portion  of  Oklahoma,  on  account  of  their  climate,  are  excluded 
from  the  possibility  of  permanent  infestation. 

The  control  which  has  for  many  years  been  exercised  by  the 
Fédéral  Government  in  coopération  with  local  authorities  over  the 
movement  of  cattle  from  the  tick-infested  area  has  not  only  pre- 
vented  the  tick  from  spreading  to  the  limits  of  its  possible  range, 
but  has  also  had  the  efïect  of  eradicating  the  parasite  in  many  local- 
ities in  which  it  formerly  occurred.  A  transcontinental  quarantine 
line  defîning  the  area  quarantined  on  account  of  Texas  fever  was 
established  about  fifteen  years  ago,  and  from  year  to  year  the  course 
of  this  line  has  undergone  more  or  less  change  according  to  the 
présence  or  absence  of  ticks  in  the  localities  through  which  it  passed. 
When  the  farmers  and  stockowners  below  the  line  learned  that  its 
course  was  determined  on  the  basis  of  the  distribution  of  the  tick, 
efforts  were  made  by  many  individuals  to  free  their  cattle  and  prem- 
ises  from  ticks  in  the  hope  of  getting  above  the  line,  and  thereby 
escaping  from  the  quarantine  restrictions  which  are  particularly 
burdensome  to  those  located  at  the  edge  of  the  quarantined  area. 
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In  numerous  instances  thèse  efforts  were  successful  and  varions 
localities  forraerly  quarantined  hâve  been  released,  so  that  there  has 
been  a  gênerai  tendcncy  toward  a  réduction  in  the  size  of  the  quar- 
antined area  ever  since  the  inauguration  of  Fédéral  quarantine. 

Before  taking  up  the  coopérative  work  in  tick  eradication  pro- 
vided  for  by  Congress  it  was  necessary  to  détermine  the  extent  to 
which  the  laws  of  the  various  States  would  permit  coopération  by 
the  Fédéral  Government.  As  the  power  of  the  Fédéral  (jovernment 
within  the  boundaries  of  States  is  limited,  the  State  authorities  must 
be  largcly  depended  upon  to  establish  and  enforce  certain  measures 
considered  necessary  to  tick  eradication,  such  as  quarantining  counties, 
districts  and  farms,  and  enforcing  disinfection  of  cattle  and  premises. 
In  some  of  the  States  wholly  adéquate  laws  existed,  but  in  others  it 
was  found  that  there  were  no  laws  bearing  on  live  stock  quarantine 
and  sanitation,  or  that  the  laws  were  imperfect  so  far  as  they  might 
apply  to  tick  eradication.  In  several  of  the  latter  législation  has 
recently  been  enacted  which  largely  corrects  former  faults,  and  on 
the  whole  the  conditions  in  the  various  States  are  now  fairly  satis- 
factory  so  far  as  the  laws  are  concerned.  In  some  States  the  laws 
provide  that  authority  may  be  conferred  on  Fédéral  officiais  in  mat- 
ters  of  live-stock  quarantine  and  sanitation,  an  arrangement  which 
greatly  facilitâtes  the  work  of  tick  eradication. 

As  soon  as  possible  after  the  passage  of  the  law  providing  for 
tick  eradication,  the  work  was  organized  and  begun  under  the 
arrangements  for  coopération  which  had  been  made  with  the  author- 
ities of  the  States  and  Territories  interested.  The  local  authorities 
selected  the  counties  or  districts  to  be  covered,  and  were  permitted 
to  recommend  for  appointment,  as  agents  of  the  Bureau  of  Animal 
Industry,  men  who  were  acquainted  with  local  conditions  and  who 
were  considered  adapted  to  the  purpose  for  which  they  were  to  be 
employed.  Nearly  three-fourths  of  the  men  employed  on  the  tick- 
eradication  force  hâve  been  drawn  from  the  various  localities  in 
which  the  work  is  in  progress,  the  remainder  being  graduate  veteri- 
narians  who  hold  commissions  as  Inspectors  of  the  Bureau  of  Animal 
Industry.  Not  counting  employées  of  the  various  States  or  counties, 
the  number  of  men  devoting  their  entire  time  to  the  work  is  at  présent 
about  two  hundred. 

For  convenience  in  administration  the  territory  in  which  work  in 
tick  eradication  is  under  way  has  been  divided  into  six  sections, 
each  of  which  is  in  charge  of  an  officiai  of  the  Bureau  of  Animal 
Industry.  Except  for  one  section,  which  includes  a  State  entirely 
within  the  quarantined  area,  located  several  hundred  miles  south  of 
the  quarantine  line,  the  field  of  opération  is  at  the  présent  time 
confined  to  the  territory  along  the  northern  boundary  of  the  tick- 
infested  area. 

On  account  of  the  great  différences  in  the  conditions  to  be  met 
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the  plans  of  work  which  are  foUowed  in  the  différent  sections  vary 
greatly.  Commonly,  however,  the  sections  are  divided  into  a  number 
of  districts  consisting  of  one  or  two  counties,  each  district  being 
given  in  charge  of  one  man,  who  with  his  assistants  and  with  the 
aid  of  the  local  authorities  inspects  ail  the  cattle  in  his  district  in 
order  to  locate  infested  herds  and  farras,  the  owners  of  which  are 
given  instructions  as  to  the  means  to  be  employed  to  get  rid  of  the 
ticks.  Oftentimes  in  addition  to  advice  actual  assistance  is  given  in 
the  work  of  disinfection,  the  progress  of  which  is  kept  in  view  by 
reinspections  at  intervais.  Meanwhile  the  infested  catde  and  farms 
are  kept  in  quarantine  until  freed  from  infection,  and  in  order  to 
prevent  the  introduction  of  additional  infecdon  into  districts  where 
attempts  at  tick  eradication  are  being  made,  the  movement  of  cattle 
into  those  districts  from  other  portions  of  the  tick-infested  area  is 
prohibited.  As  soon  as  possible  after  a  district  immediately  below 
the  Une  has  been  freed  from  ticks,  it  is  released  from  quarantine, 
and  the  course  of  the  quarantine  line  is  changed  accordingly.  In 
cases  where  districts  of  suitable  size  are  disinfected  and  maintained 
free  from  ticks  in  the  midst  of  the  tick-infested  territory,  it  is  planned 
to  lighten  the  burden  of  quarantine  by  permitdng  the  unrestricted 
movement  of  cattle  out  of  the  tick-free  area  into  other  tick-free  local- 
ities,  provided  they  are  shipped  by  rail  in  clean  cars  so  that  they 
may  not  become  infested  prior  to  arriving  at  their  destination. 

Of  the  varions  methods  available  for  freeing  cattle  and  pastures 
from  ticks,  the  one  which  may  be  most  profitably  employed  and  will 
give  the  best  results  in  any  particular  case  dépends  upon  circum- 
stances  such  as  the  number  of  cattle,  amount  of  pasture  available, 
whether  pastures  are  fenced  or  unfenced,  kind  of  crops  raised,  cli- 
mate  of  the  locality,  time  of  year,  topography  of  the  farm,  etc.,  in 
fact  every  herd  of  cattle  forms  a  separate  problem  in  tick  eradication 
for  the  solution  of  which  no  set  rule  can  be  formulated. 

An  effective  method  applicable  in  the  case  of  small  herds,  dairy 
herds  for  instance,  consists  in  daily  picking  off  by  hand  and  destroy- 
ing  ail  ticks  large  enough  to  be  readily  seen.  In  this  way  further 
infestation  of  the  pasture  is  prevented.  Many  of  the  larval  ticks 
already  présent  on  the  pasture  become  attached  to  the  cattle  from 
time  to  time  and  are  picked  off  and  destroyed  before  they  reach 
maturity,  while  the  remainder,  which  do  not  succeed  in  gaining  a 
host,  finally  die  of  starvation.  As  the  maximum  time  during  which 
larval  ticks  are  able  to  survive  in  warm  weather,  including  the  period 
of  incubation  in  the  egg  stage,  is  less  than  four  months,  both  cattle 
and  pasture  may  be  freed  from  ticks  by  this  method  if  it  is  begun 
in  spring  and  continued  until  fall. 

A  method  less  laborious  than  hand  picking  is  that  ofgreasing 
the  animais  with  oils  such  as  cotton-seed  oil  or  crude  petroleum  at 
fréquent  intervais,  which  not  only  kills  the  ticks  on  the  body  but  to 
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a  certain  extent  protects  against  roinfestation  with  larval  ticks.  A 
thoroLigh  spraying  with  an  emulsion  of  crude  petroleuir»  at  intorvals 
of  ahout  twenty  (lays  during  warm  woathcr  is  an  effectuai  ineans  of 
freeing  cattle  and  pastures  from  ticks.  Tlie  tiine  re(|uired  for  the 
larval  tick  to  dcvelop  to  niaturity  after  it  lias  attaclied  to  the  hody 
of  its  host  is  rarely  less  than  twenty  days,  altiiough  occasionally  in 
cold  weather  it  niay  l)e  j)r()longed  to  six  weeks  or  more.  Therefore 
a  thorough  treatnient  repeated  every  three  wt^eks  destroys  praetically 
ail  of  the  ticks  wliich  may  hâve  attacluxl  since  the  previoiis  treat- 
ment,  thus  alniost  entirely  preventing  further  infestation  of  the 
pastures;  and  as  the  r(\sidue  of  larval  ticks  meanwhile  beconies  less 
and  less  and  at  last  disappears  altogether,  disinfection  of  tiie  cattle 
and  pastures  is  ultiniately  accomplished.  Better  than  any  of  thèse 
methods,  l)ut  on  account  of  its  expense  not  practical)le  as  a  rule, 
except  when  large  herds  of  cattle  are  concerned,  is  that  of  di{)ping  the 
animais  in  vats  containing  an  emulsion  of  crude  petroleum,  or  a 
laver  of  this  oil  floated  on  water,  or  an  arsenical  solution.  As  in 
spraying,  it  is  necessary  to  repeat  the  opération  of  dipping  at  suffi- 
ciently  frecjuent  intervais  to  destroy  the  ticks  which  may  become 
attached  between  treatments,  before  they  drop  oft'  to  deposit  eggs 
and  reinfest  the  pasture.  It  is  also  necessary,  as  in  the  other  methods, 
to  treat  ail  of  the  animais  which  use  the  same  pasture  or  range,  in 
order  that  as  few  ticks  as  possil)le  may  escape  to  reinfest  the  ground 
over  which  the  cattle  graze. 

In  cases  where  it  is  possible  to  arrange  for  the  rotation  of  cattle 
from  one  pasture  to  another,  tick  eradication  may  be  accomplished 
much  more  easily  than  when  it  is  necessary  to  continue  using  the 
same  pasture.  Having  available  a  pasture  which  has  l)een  freed  from 
infection  by  reraoving  ail  cattle,  horses  and  mules  from  it  for  a  suf- 
ficient  period  of  time  to  insure  the  hatching  and  death  of  ail  larval 
ticks,  the  cattle  of  the  farm  may  be  placed  when  cool  weather  begins 
in  a  tick-free  enclosure,  which  may  be  another  pasture,  a  cultivated 
field,  or  a  feed  lot,  and  left  there  until  every  tick  has  developcd  to  ma- 
turity  and  dropped  to  the  ground.  This  will  require  about  six  weeks. 
Meanwhile  as  oviposition  and  incubation  are  greatly  delayed  by  the 
low  température  which  prevails,  no  ticks  of  a  new  génération  will 
appear,  and  the  cattle  will  be  in  no  danger  of  reinfection  from  that 
source,  so  that  when  ail  of  the  ticks  originally  présent  hâve  fallen, 
the  animais  may  be  returned  tick  free  to  the  pasture  which  has  been 
vacated  during  the  summer.  By  the  middle  of  the  following  summer 
ail  ticks  in  the  pasture  which  was  abandoned  in  the  fall  will  hâve 
died  from  starvation.  This  pasture,  accordingly,  may  then  again  be 
used  without  danger  of  infecting  the  cattle.  Where  practicable, 
burning  ofî  the  grass  on  pasture  land  is  an  effective  means  of  de- 
stroying  ticks  and  tick  eggs,  and  may  be  used  in  conjunction  with 
the   starvation    method    of   disinfecting   pastures.      If    the    rotation 
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method  of  freeing  cattle  from  ticks  is  employed  during  warm  weather, 
it  is  necessary,  instead  of  but  one,  to  hâve  two  or  three  tick-free 
enclosures  in  addition  to  the  tick-free  pasture  in  which  the  cattle 
are  to  be  placed  when  freed  from  ticks.  Warm  weather,  while  it 
shortens  soraewhat  the  parasitic  period  of  the  tick,  also  greatly 
shortens  the  periods  of  oviposition  and  incubation,  so  that  if  cattle 
were  left  in  one  enclosure  long  enough  for  ail  of  the  ticks  which  they 
carried  to  mature  and  drop  off,  some  of  the  eggs  deposited  by  the 
first  ticks  to  fall  would  likely  begin  to  hatch  before  the  cattle  were 
moved.  Consequently  the  cattle  are  left  in  the  first  enclosure  for 
twenty  days,  in  which  time  most  of  the  ticks  will  hâve  dropped  off, 
and  they  are  then  placed  in  a  second  enclosure  where  ail  the  remain- 
ing  ticks  will  fall  before  the  end  of  another  twenty  days.  Even  in 
midsummer,  tick  eggs  will  rarely  hatch  in  less  than  twenty  days 
after  the  tick  falls  from  the  host,  so  that  by  moving  cattle  at  the  end 
of  this  time  the  danger  of  new  infestation  is  almost  entirely  avoided. 
In  order  to  reduce  the  chances  still  further  it  has  been  suggested  that 
chickens  be  confined  in  the  pens  with  the  cattle,  as  thèse  birds  are 
very  fond  of  engorged  ticks,  and  if  the  pens  were  not  too  large  not 
many  ticks  that  fell  to  the  ground  would  escape  destruction.  By 
using  three  enclosures  instead  of  two,  and  moving  the  cattle  every 
two  weeks,  reinfection,  unless  from  outside  sources,  can  be  made 
practically  impossible,  since  only  under  the  most  exceptional  cir- 
cums tances  has  hatching  of  tick  eggs  been  known  to  occur  in  less 
than  two  weeks  after  the  falling  of  the  tick  which  deposited  them. 

In  eradicating  ticks  it  is  important  that  mules  and  hopses  be 
watched  and  kept  free  from  ticks,  as  they  are  liable  occasionally  to 
become  more  or  less  infested.  Sheep  also  need  to  be  taken  into  con- 
sidération, since  if  placed  on  a  pasture  from  which  cattle  hâve  been 
removed  so  that  it  may  become  free  from  ticks,  they  may  keep  the 
pasture  infested  to  a  slight  degree.  The  attachment  of  cattle  ticks 
to  sheep,  however,  occurs  very  rarely.  Except  on  open  ranges, 
deer,  which  may  serve  as  hosts  for  the  fever  tick  equally  as  well  as 
cattle,  are  of  little  importance,  and  they  are  becoming  so  rare  that 
in  any  case  they  can  scarcely  be  considered  an  obstacle  to  tick  erad- 
ication.  A  few  instances  are  known  in  which  fever  ticks  hâve  under- 
gone  an  incomplète  development  on  dogs,  but  it  is  questionable 
whether  they  will  develop  to  fertile  maturity  on  thèse  animais.  The 
same  is  true  with  cats.  Experimentally,  hundreds  of  larval  ticks 
hâve  been  placed  on  kittens,  and  numbers  of  them  became  attached, 
but  only  two  or  three  of  them  developed  to  a  stage  beyond  the  sec- 
ond molt  and  none  reached  fertile  maturity.  Practical  expérience 
thus  far  indicates  that  the  possibilities  connected  with  other  animais 
than  cattle,  mules  and  horses  as  hosts  of  the  fever  tick  are  of  little 
importance;  and  this  is  true  also  of  the  possibility  of  the  direct  trans- 
ference  of  larval  ticks  from  one  field  to  another  by  various  small 


ERADICATION  OF  THE  SOUTHERN   CATTLE   TICK     655 

animais  to  which  they  may  temporarily  attach,  such  as  rabbits, 
birds,  dogs,  etc.  So  long  as  tlicre  is  a  distance  of  not  Icss  tiian  ten 
feet  between  two  separate  pastures  there  is  little  danger  of  cross 
infection,  since  gravid  ticks  before  depositing  their  eggs  do  not  move 
more  than  a  few  inches  from  the  spot  where  they  fall,  and  since 
larval  ticks,  although  they  are  very  active  and  may  crawl  considér- 
able distances  up  blades  of  grass,  bushes,  fences,  posts,  etc.,  do  not 
migrate  far  in  a  horizontal  direction.  Floods,  streams  and  winds 
may  occasionally  carry  gravid  female  ticks,  masses  of  eggs,  or  bunches 
of  larval  ticks,  considérable  distances,  and  in  this  way  infection  of 
pastures  may  sometimes  resuit,  but  as  a  rule,  a  double  line  of  fence 
with  an  interval  of  ten  feet  between  an  infested  pasture  and  a  non- 
infested  pasture  is  amply  sufïicient  for  the  protection  of  the  latter. 

Everything  considered,  the  facts  in  the  life-history  of  the  Texas 
fever  tick  are  unusually  favorable  to  eradication,  the  chief  obstacles 
to  be  overcome  being  th®se  due  to  lack  of  appréciation  of  the  value 
and  feasibility  of  tick  eradication  on  the  part  of  the  stock  owner, 
so  that  much  of  the  work  to  be  done  is  necessarily  educational  in 
nature.  Every  effort  is  therefore  being  made  through  bulletins, 
circulars,  newspaper  articles,  farmers'  institutes,  live-stock  associa- 
tions, spécial  meetings,  personal  conversation  with  owners  of  cattle, 
and  in  varions  other  ways,  to  disseminate  as  widely  as  possible  among 
the  agricultural  population  of  the  tick-infested  area  information 
concerning  ticks  and  tick  eradication. 

In  view  of  the  fact  that  the  coopérative  work  in  tick  eradication 
was  begun  only  a  little  over  a  year  ago,  it  is  too  early  to  expect  that 
much  should  hâve  been  accomplished  in  the  way  of  tangible  results. 
Definite  progress  has,  however,  been  made,  and  during  the  course  of 
the  last  year  about  forty  counties  and  parts  of  counties  along  the 
quarantine  line,  comprising  nearly  fifty  thousand  square  miles,  hâve 
been  placed  in  condition  for  release  from  quarantine.  This  cannot 
be  taken  as  an  index  of  future  progress,  for  it  should  be  remembered 
that  the  territory  in  question  is  along  the  northern  boundary  of  the 
tick-infested  area,  where  the  climatic  conditions  are  not  so  favorable 
to  the  tick  as  they  are  further  south,  and  no  doubt  greater  natural 
difficulties  in  the  way  of  eradication  will  be  met  with  as  the  work 
progresses  southward.  It  is  believed,  however,  that  thèse  difficulties 
will  be  offset  by  a  more  gênerai  realization  of  the  importance  of  the 
Texas  fever  tick,  and  a  greater  popular  interest  in  its  eradication, 
which  are  sure  to  develop  as  the  work  goes  on,  and  that  substantial 
progress  will  continue  to  be  made  from  year  to  year. 


NOTES   ON   SCUTIGERELLA   IMMACULATA,    ITS 
EGGS   AND   LARVA 

S.  R.  WILLIAMS 

ScuTiGERELLA  immaculcita,  which  was  described  by  Newport  in 
]844  and  which  was  put  into  the  order  Symphyla  by  Ryder  in  1880, 
is  of  interest  because  it  is  thought  to  occupy  a  position  between  the 
diplopods  and  the  chilopods,  and  also  a  position  between  the  whole 
group  of  the  myriapods  and  the  insects, 

Scutigerella  is  a  small  white  créature,  varying  from  3  to  7  mm. 
in  length,  with  14  large  plates  or  scutes  on  the  dorsal  body-wall, 
with  twelve  pairs  of  évident  legs,  one  pair  of  délicate,  many-jointed 
antennse,  four  pairs  of  moutïi  appendages,  one  pair  of  posterior 
tactile  stylets,  and  behind  thèse  a  pair  of  cerci  on  which  open  the 
ducts  of  the  two  spinning  glands, 

There  is  a  pair  of  cephaïic  stigmata  and  a  simple  System  of  tra- 
chéal tubes  which  may  extend  through  the  first  two  segments  of  the 
body.  In  the  rest  of  the  body  respiration  is  probably  carried  on  by 
ten  pairs  of  coxal  sacs,  the  first  of  which  appears  at  the  base  of  the 
third  pair  of  legs. 

There  are  ten  pairs  of  parapods  near  the  coxal  sacs.  Thèse  are 
very  probably  rudimentary  legs.  If  so,  the  total  number  of  legs 
(nearly  two  pairs  to  one  évident  somite)  is  a  character  which  allies 
Scutigerella  with  the  diplopods. 

On  the  ventral  plate  of  the  fourth  segment  of  the  animal  is  located 
the  anterior  génital  opening.    This  is  definitely  a  diplopod  character. 

Though  the  Symphyla  hâve  the  rapid  motion  of  the  chilopods, 
their  locomotion  is  that  of  the  diplopods.  The  legs  on  the  two  sides 
of  the  body  make  symmetrical  and  identical  movements,  whereas  in 
chilopods  the  opposite  legs  are  in  différent  phases  of  their  motion. 

The  animais  are  either  eyeless,  or  hâve  a  pair  of  eye-like  bodies 
which  are  not  subtended  by  spécial  nervous  ganglia. 

Habitat.  —  Southwestern  Ohio,  where  the  spécimens  hâve  been 
obtained,  is  a  région  formerly  glaciated,  and  which  one  hundred 
years  ago  was  unbroken  forest.  Scutigerella  is  now  to  be  found  where 
there  is  a  sufiîcient  amount  of  moisture  and  where  the  soil  lias  never 
been  disturbed.     It  is  a  "  cave-dweller,"  to  be  found  beneath  fallen 
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leaves  in  the  spring  of  the  year  and  beneath  stones  and  in  decaying 

wood  during  the  dricr  parts  oi"  the  year. 

With  the  scutigerellas  is  a  definite  fauna,  inchiding  Pauropns, 

Scolopendrella,  several   collenil)olans,  thysanurans,  minute   anneUds 

and  moUuscs. 

Habits  and  Food.— Scu- 
tigerella  produces  a  web- 
Hke  thread  by  the  united 
sécrétions  of  the  spinning 
glands,  and  thèse  deUcate 
webs  are  deposited  abund- 
antly  wherever  the  animais 
run  about. 

Their  food  is  uncertain 
Latzel  considers  them  car- 
nivorous,   because   of  their 
rapidity    of    motion.      The 

appearance  of  sections  of  the  intestine  and  the  abundance  of  Infu- 

soria,  rotifers,  and    raany    other  minute    forms    where  Scutigerella 

thrives  best  tend  to  support  his  view. 

Ecdysu.  —  I  had  the  fortune  to  observe  a  single  individual  in  the 

process  of  ecdysis.     This  was  a  long  process.     The  animal  was  qui- 

escent  from  as  early  as  8  a.  m.  to  2  p.  m.,  or  at  least  six  hours.    It  had 

broken    the   cuticula   at   the 

joint  just   behind    the    head 

on  the  dorsal  side,  and  when 

first   observed  the  head  was 

free.    The  animal  would  first 

wTithe    from    side    to    side, 

then     make     dorso  -  ventral 

motions,     a     humping    and 

flattening  of   the  back,  and 

then   become  quiescent.     In 

a    short    time    the    writhing; 

motion   would   begin   again. 

The   progress   that  the  ani- 
mal   was     making    forward 

out    of    its    skin    could    be 

judged    by    looking    at    the' 

casts  of  the  antennse,  which 

projected    and    marked    the 

original  anterior  end. 

As  the  animal  lay  more  quiet  between  the  periods  of  struggling, 

one  could  see  the  legs  moving   somewhat  as  if  walking.     One-half 

hour  after  the  animal  was  freed  from  the  old  skin  the  antennse  were 

gradually  thrust  forward  and  it  began  to  walk.     The  first  few  steps 


Scutigerella  in  Process  of  Ecdysis. 
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were  feeble,  and  the  animal  came  to  rest  after  moving  aboiit  twice  its 
body  length.     It  was  not  normally  active  for  some  hours. 

Other  casts  show  that  this  is  not  tlie 
only  method  of  ecdysis,  but  that  Scutiger- 
ella  may  withdraw  itself  backward  from 
the  cast  as  well. 

Eggs.  —  The  eggs  are  laid  during  May 
or  June,  depending  on  the  warmth  of  the 
spring.  Thèse  eggs  are  glistening,  pearly- 
white  bodies  somewhere  near  1/2  mm.  in 
diameter.  They  are  laid  in  masses,  the 
largest  number  observed  being  ten. 

There  are  two  egg  envelopes.  The 
inner  one,  the  vitelline  membrane,  is  very 
thin   and   the   outer  structureless,  opaque 

chorion  is   the  covering  which   gives    the 

,  ,     .   , .  i     il  n^i         Eggs  of  Scutigerella 

characteristic  appearance  to  the  egg.     ine 

surface  of  this  chorion  is  divided  into  irregular  areas  of  1/10  mm. 
or  less  in  any  dimension,  by  large  ridges 
which  project  a  distance  of  20  /*  from  the 
gênerai  surface  of  the  egg.  The  spaces  en- 
closed  by  thèse  primary  ridges  are  further 
marked  by  very  slight  secondary  ridges, 

Several  nests  hâve  been  followed  through 
to  liatching.  This  takes  place  usually  about 
the  twelfth  or  thirteenth  day  with  an  aver- 
age  indoor  température. 

Larvœ.  —  The  larvœ  hâve  much  difficulty 
in  freeing  themselves  from  the  egg  mem- 
branes, and  the  end  first  freed,  whether  an- 
terior  or  posterior,  writhes  and  waves  in  the 

protracted  struggles  to  escape.     The  young  Scutigerella  varies  from 

3/4  to  6/5  mm.  in  length  and  is  about  1/5 

mm.  wide.     There  are  but  six  joints  in  the 

antenna    instead    of    many,   and    ten    dorsal 

sentes   instead   of   the  fourteen  of   the  adult. 

It  has  seven  pairs  of  évident  legs,  five  pairs 

less  than  the  adult.     As  in  the  adult,  the  first 

pair  of  legs  has  four  joints,  while  ail  others  are 

five-jointed.    The  anal  stylets,  cerci,  and  spin- 

ning  glands  are  located  as  in  the  adult. 

In  the  larva  there  are  l)ut   four  pairs  of 

coxal  sacs  and   either   four   or   five   pairs   of 

parapods. 

Growth   takes   place  by   the   intercalation 

of  a  pair  of  legs  and  a  somite  just  in  front  of  the  last  somite,  that 

which  always  bears  the  anal  stylets  and  the  cerci. 


Female  guakding  Eggs. 
x2i. 


Female  with  Larv^  in 

THE  PrOCESS  of  HaTCH- 

iNG  FROM  Eggs.    x  2^. 
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Compared  witli  the  hcxapod  larva  of  Polyxenus,  Polydesmus,  or 
lulus  the  young  Scutigcrella  is  a  greatly  spccialized  form.  When 
the  history  of  the  development  within  the  egg  envelopes  is  known, 
the  name  Symphyla  may  soeni  more  justifiable  than,  in  view  of  the 
speciahzed  larva,  it  does  at  présent. 


THE  INTERLOCKING  MECHANISMS  WHICH  ARE 
FOUND  IN  CONNECTION  WITH  THE  ELYTRA 
OF    COLEOPTERA 

(Abstract) 

ROBERT  S.   BREED  AND  ELSIE  F.  BALL 

This  paper  gives  the  results  of  an  investigation  of  the  methods 
by  which  the  elytra  of  beetles  are  coadapted  with  eacli  other  and 
with  the  body.  The  species  examined  in  détail  were  Lachnosterna 
fuscu,  Thymalus  man/inicollis,  and  Tenebrio  molitor. 

The  elytra  of  beetles  show  interlocking  mechanisms  in  four  ré- 
gions, ail  of  which  may  be  found  in  the  same  species.  This  fastening 
may  be  accomplished  :  — 

1.  By  a  coadaptation  of  the  elytra  along  the  dorsal  suture. 

2.  By  means  of  a  groove  on  the  dorsal  face  of  the  metathorax 
into  which  the  swollen  inner  edges  of  the  elytra  fit. 

3.  By  slipping  the  antcrior  edges  of  the  elytra  under  the  scutellum 
and  hooking  them:  a,  on  to  the  scutellum,  or  b,  on  to  the  meta- 
thorax. Pressure  derived  from  the  retracted  prothorax  may  aid  in 
keeping  thèse  edges  in  position. 

4.  By  hooking  the  anterior  latéral  edges  of  the  elytra  over  ridges 
or  into  grooves  on  the  latéral  faces  of  the  metathorax. 

The  most  interesting  and  complicated  of  thèse  devices  is  the  last 
one  mentioned. 

In  nearly  ail  beetles  there  seems  to  be  some  coadaptation  along 
the  dorsal  suture  between  the  two  elytra.  Hère  the  elytra  are  fitted 
■  together  with  a  tongue  and  a  groove  in  the  same  way  that  boards  are 
matched  together  (Thymalus).  In  some  cases  (Lachnosterna,  Tene- 
brio), the  tongue  is  curved  upward  fitting  into  a  groove  of  the  same 
form.  The  elytra  of  thèse  beetles,  when  in  place,  resist  an  attempt  to 
pull  them  apart  laterally  as  well  as  vertically. 

In  a\\  of  the  beetles  examined,  the  inner  edges  of  the  elytra  are 
thickened  ventrally  in  the  metathoracic  région.  Sometimes  this 
thickening  is  not  very  pronounced  (Tenebrio),  in  others  more  so 
(Thymalus,  Lachnosterna).  Thèse  thickenings  fit  into  a  groove  on 
the  dorsal  surface  of  the  metathorax,  the  sides  of  which  make  two 
stiff  chitinous  ridges,  parallel  with  each  other.  The  best  development 
of  this  structure  was  found  in  Thymalus.  Hère  the  groove  on  the 
metathorax  is  decidcdly  wider  in  its  deeper  portion.  The  thicken- 
ings on  the  edges  of  the  elytra,  being  broader  on  their  ventral  surface, 
are  held  firmly  in  place  when  they  are  sprung  into  the  groove.    Thèse 
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thickenings  are  hold  ail  the  more  firmly  because  there  arc  iriter- 
locking  rasp-like  teetli  on  the  surface  of  the  clytral  thickenings  and 
the  thoracic  groove.  This,  in  connection  with  the  interlocking  along 
the  dorsal  suture  described  above,  makes  the  most  important  and 
common  method  of  holding  the  elytra  in  place. 

The  groove  along  the  dorsal  surface  of  the  metathorax  widens  in 
its  anterior  portion  so  that  the  whole  has  the  form  of  a  wide  open  Y. 
The  triangular  scutellum  fits  into  the  opening  of  the  Y-shaped  groove. 
In  Thymalus  and  Lachnosterna  the  anterior  thickened  edges  of  the 
elytra  slip  over  the  ridges  made  by  sides  of  the  wide  open  Y  and  are 
held  firmly  in  place  by  the  retraction  of  the  prothorax  and  scutellum. 
In  Tenebrio  neither  the  thickenings  on  the  edges  of  the  elytra  nor 
the  groove  underneath  are  well  developed.  In  this  case,  the  elytra 
slip  under  the  edges  of  the  scutellum  and  that  structure  serves  to 
keep  them  in  place. 

The  interlocking  of  the  latéral  edges  of  the  elytra  with  the  latéral 
faces  of  the  metathorax  has  a  différent  form  in  each  of  the  three 
beedes  examined.  In  each  it  is  so  complicated  that  it  is  difficult  to 
describe  it  without  the  aid  of  figures  representing  cross  sections  of 
the  body  at  this  point.  Such  figures  are  given  in  connection  with  the 
complète  paper  which  is  published  elsewhere.^  •  In  each  beetle  there 
is  a  muscle  lying  just  within  the  meta-episternum  which  has  its  origin 
along  the  dorsal  edge  of  this  pièce  and  its  insertion  on  the  suture  be- 
tween  the  meta-episternum  and  the  metasternum.  This  muscle  has 
been  named  the  musculus  episternalis.^  This  muscle  opérâtes  the 
interlocking  devices.  In  Thymalus  this  consists  of  a  single  inter- 
locking ridge  and  groove;  in  Tenebrio  there  are  many  interlocking 
teeth;  while  in  Lachnosterna  a  ridge  is  présent  on  the  episternum 
but  no  interlocking  structure  is  présent  on  the  elytron.'  Apparently 
this  is  a  degenerate  structure  in  this  species  as  ail  of  the  other  parts 
for  the  opération  of  an  interlocking  mechanism  are  présent. 

The  musculus  episternalis  serves  to  unlock  the  interlocking 
structures  when  it  contracts.  This  it  does  because  of  the  varying 
flexibilities  of  the  chitinous  parts  involved.  The  structure  of  the  suture 
between  the  meta-episternum  and  episternum  is  surprisingly  complex 
in  Tenebrio  but  the  purpose  of  the  complexity  is  easily  seen  when  the 
efîect  of  the  contraction  of  this  muscle  is  taken  into  account. 

Such  a  variable  structure  as  this  seems  to  be  would  be  of  value 
in  solving  difficult  relationships  between  some  of  the  families  of 
beetles  if  more  were  known  about  it. 

'  Binl.  BulL.  15.  p.  2S9-303,  12  figs.  1908. 

2  Breed,  Bull.  Mus.  Comp.  Zoôl.,  40,  p.  332,  1903. 


RIDDING  A  STATE    OF   MOSQUITOES 
JOHN   B.   SMITH 

The  campaign  now  in  progress  against  the  mosquito  pest  in  the 
State  of  New  Jersey  is  carried  forward  on  strictly  scientific  principles 
and  is  really  a  vast  illustration  of  practically  applied  science. 

It  began  with  an  appropriation  of  $10,000  to  be  devoted  solely 
to  the  study  of  the  problem  and  to  the  making  of  such  preliminary 
experiments  as  might  seem  indicated  by  the  results  of  such  study. 

The  work  began  with  a  systematic  collection  of  ail  the  Culicidae 
of  the  State  and  a  study  of  their  breeding  and  other  habits.  Three 
years  were  more  or  less  continuously  devoted  to  this  study  and  the 
results  showed:  Ist,  an  unexpectedly  large  number  of  species;  2nd, 
an  unexpected  diversity  in  their  life  cycle  and  the  utter  unreliability 
of  the  generalized  statements  theretofore  made  concerning  thèse  in- 
sects  as  a  group;  3rd,  that  there  were  only  a  few  species  that  really 
ranked  as  pests  ;  4th,  that  some  species  bred  as  readily  in  sait  as  in 
fresh  water  and  that  a  few  never  bred  elsewhere  than  on  sait  marshes  ; 
5th,  that  while  as  a  gênerai  rule  the  species  were  local  and  did  not 
fly  far  from  their  breeding  places,  others  were  truly  migratory  and 
travelled  up^to  forty  miles  away  from  possible  breeding  grounds; 
6th,  that  in  New  jersey  the  sait  marsh  breeders  were  the  only 
migrants  and  that  in  said  State  nearly  or  quite  90  per  cent  of  the 
offensive  spécimens  bred  on  its  sait  marshes  ;  7th,  that  many  places 
heretofore  considered  as  dangerous  breeding  areas  were  absolutely 
safe  and  that,  as  a  whole,  Ijreeding  was  intensive  rather  than 
extensive. 

With  thèse  conclusions  drawn,  a  séries  of  experiments  was  car- 
ried on  which  demonstrated  the  possibility  of  quickly  and  cheaply 
draining  thèse  sait  marsh  breeding  places  so  that  mosquito  develop- 
ment  on  them  would  become  impossible.  It  was  recognized  that, 
in  view  of  the  large  extent  of  sait  marsh  in  the  State,  and  the  thinly 
settled  condition  and  gênerai  poverty  of  the  infested  areas,  their 
improvement  would  hâve  to  be,  to  some  extent  at  least,  a  State  affair. 
A  law  limited  to  two  years  was  therefore  passed,  embodying  the  prin- 
ciples of  the  State  Road  Law,  and  providing  that  if  any  municipality 
would  pay  75  per  cent  of  the  cost  of  abolishing  the  breeding  places 
within  its  jurisdiction,  the  State  would  pay  the  balance.  This  proved 
impi-actictil  bocause  in  some  localities  the  cost  of  the  required  work 
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exceeded  the  total  amount  raised  by  taxation  for  ail  piirposcs,  and 
because  in  somc  cases  the  bcnefits  derived  would  be  chiefly  by  large 
antl  wealthy  conimunities  at  the  expense  of  adjacent  poor  and  thinly 
settled  territories. 

This  resulted  in  a  careful  survey  of  the  State  and  an  estimate 
that  for  $350,000  the  entire  sait  marsh  area  within  its  limits  could 
be  made  mosciuito  proof. 

A  carefully  drawn  law  was  presented.to  the  législature  in  1906 
and  passed,  providing  for  the  expenditure  of  that  amount  under 
certain  specified  conditions  and  placing  the  entire  raatter  in  charge 
of  the  Agricultural  Experiment  Station  which  had  conducted  the 
scientific  investigation. 

Acting  under  this  law  nearly  $30,000  has  been  expended,  $23,500 
out  of  the  State  fund,  and  with  this  amount  some  15,298  acres  of 
breeding  territory  hâve  been  or  are  being  made  safe. 

Opérations  began  and  hâve  been  chiefly  carried  on  thus  far  in 
the  centers  of  population,  and  the  marsh  areas  adjoining  the  cities 
of  Jersey  City,  Hoboken,  Newark,  Elizabeth,  and  Rahway  hâve  been 
or  are  in  process  of  being  cleaned  out.  The  resuit  has  already  been 
very  notable  in  thèse  centers,  and  it  will  of  course  become  more 
marked  as  the  territory  further  away  is  brought  under  the  range  of 
our  opérations. 

In  carrying  on  this  work  emphasis  is  laid  on  the  élimination  of 
breeding  places  and  not  on  the  destruction  of  the  insects  themselves 
in  any  stage.  Therefore  we  use  no  oil  and  no  killing  agents  of  any 
kind.  Nor  do  we  seek  réclamation  of  the  marsh  land  for  agricultural 
or  other  purposes.  Our  aim  is  simply  to  drain  to  such  an  extent  as 
to  eliminate  surface  pools  and  we  do  that  by  cutting  narrow,  deep 
ditches  by  hand  and  machine,  sufïicient  in  number  to  permit  of  the 
rapid  escape  of  ail  surface  water  whether  from  extra  high  tides  or 
heavy  rains.    Tidal  marshes  are  not  dangerous. 

Our  work  it  may  be  again  said  is  strictly  practical,  devoted  to 
one  end  only  and  based  absolutely  on  the  results  of  rigid  scientific 
investigation. 


A   PROBLEM   IN   ANTIGENY 
C.  H.  FERNALD 

When  the  gypsy  moth  (Porthetria  dispar  L.)  first  appeared  in  this 
country  in  destructive  numbers,  in  1889,  about  twenty  years  after 
its  first  introduction,  my  attention  was  at  once  attracted  to  the  re- 
markable  différences  between  the  two  sexes,  in  size,  form  of  wings, 
antennse  and  coloration.  The  females  are  larger  than  the  maies, 
and  when  they  first  émerge  from  the  pupal  stage  their  abdomens  are 
greatly  distended  with  a  large  number  of  eggs,  usually  from  400  to 
600.  In  one  case  a  large  female  moth  began  laying  Aug.  6,  1895, 
and  did  not  complète  lier  egg-cluster  till  Aug.  16.  In  this  case  there 
were  201  eggs  found  remaining  in  lier  body,  while  the  egg-mass  wliicli 
she  had  deposited  contained  794,  making  995  eggs  in  ail.  One 
egg-cluster  was  found  from  whicli  1000  caterpillars  wereseen  to  hatch, 
and  another  that  contained  over  1400  eggs.  It  lias  been  observed 
that  the  larvœ  that  do  not  find  sufficient  food  either  die  or  develop 
early,  and  the  females  arising  from  the  survivors  lay  fewer  eggs  than 
those  which  transform  from  well-nourished  caterpillars.  It  is  a 
noticeable  fact  that  the  wings  of  the  female,  although  of  normal  size, 
are  comparatively  thin  and  weak,  so  much  so  that  they  do  not  attempt 
to  fly  except  when  thrown  up  into  the  air,  when  they  simply  flutter 
to  the  ground.  In  one  case  a  female  gypsy  moth  that  had  finished, 
or  nearly  finished,  hxying  her  eggs,  upon  being  disturbed  by  maies, 
was  seen  to  drop  to  the  ground  and  fly  about  twenty  feet,  striking 
the  ground  and  rising  again  at  distances  of  about  two  feet. 

It  seems  probable,  and  perhaps  certain,  that  both  sexes  of  the 
ancestors  of  the  gypsy  moth  could  fly  as  easily  and  as  strongly  as 
both  sexes  of  the  brown-tail  moth  {Enprodis  chrijsorrhœa  L.)  at  the 
présent  time,  and  that  they  were  of  the  same  coior. 

The  reason  for  believing  that  the  females  instead  of  the  maies 
hâve  departed  niost  widely  from  the  original  type  in  coloration  is 
that  the  maies  fly  actively  during  the  day  and  any  slight  variation  in 
color  would  not  be  so  noticeable  to  their  enemies  as  in  the  case  of  the 
females,  which  do  not  fly  but  rest  on  the  trunks  of  the  trees  or  other 
objects  where  they  happen  to  émerge,  and  are  thus  more  plainly  seen 
by  and  exposed  to  the  attacks  of  their  enemies  than  the  maies. 

It  miglit  seem  that  a  majority  of  the  tree  trunks  and  other  objects 
upon  which  the  females  rest  during  their  imaginai  life  are  of  such  a 
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color  as  would  favor  a  tendency  to  change  in  the  direction  of  the 
color  of  the  maie  rather  than  that  of  the  female,  but  in  the  considéra- 
tion of  this  problem  we  shoiild  take  into  account,  as  far  as  possible, 
the  past  history  of  this  nioth  in  connection  with  its  présent  habits. 

The  earliest  information  known  to  me,  that  is  positively  referable 
to  this  species,  is  given  by  Goedart,  in  his  Histoire  des  Insectes,  I, 
pp.  118,  142,  pi.  Go,  published  in  1662,  245  years  ago.  Although  the 
illustrations  of  Goe'dart  and  others  of  those  early  times  are  very  faulty, 
vet  the  color  and  markings  are  so  complète  as  to  convince  one  that  no 
perceptibly  permanent  changes  hâve  taken  place  within  the  last  two 
and  a  half  centuries.  We  are  therefore  led  to  the  conclusion  that 
whatever  conditions  caused  the  remarkable  différences  between  the 
two  sexes  of  this  species,  they  must  hâve  existed  and  operated  long 
before  any  of  the  writings  on  this  insect,  now  extant,  had  been 
published. 

At  the  présent  time  the  gypsy  moth  occurs  in  central  and  southern 
Europe,  northern  Africa,  western  Asia,  and  either  the  same  or  closely 
allied  species  occur  in  China  and  Japan.  We  are  therefore  inclined 
to  think  that  the  original  habitat  of  this  insect  was  somewhere  within 
this  territory,  and  probably  in  the  central  and  southern  part  of  east- 
ern  Europe  and  w^estern  Asia,  those  portions  where  it  now  seems 
to  thrive  the  most  successfully.  This  conclusion  must  be  accepted 
with  caution,  since  great  geological  and  climatic  changes  may  hâve 
occurred  since  the  first  development  of  this  species;  and  because 
of  thèse  changes,  its  original  home  may  hâve  become  uninhabitable 
and  the  insect  been  driven  into  its  présent  localities  by  a  graduai 
change  of  conditions.  As  we  hâve  no  means  of  proving  or  disproving 
such  a  state  of  things,  we  may  accept  the  first  proposition  conditionally. 

The  first  appearance  of  the  Lepidoptera  on  the  globe  was  in  the 
Jurassic  Period,  or  possibly  earlier,  and  as  early  as  the  Upper  Mio- 
cène they  had  become  sufficiently  difîerentiated  to  represent  some 
of  the  existing  familles,  as  the  Bombicidse  of  the  older  authors,  which 
included  the  gypsy  moth. 

During  the  Glacial  Period  the  insects,  as  well  as  nearly  ail  other 
forms  of  life,  w^ere  driven  far  to  the  south,  or  exterminated  where  they 
were.  This  being  the  case  with  the  insects,  there  must  hâve  been  an 
ample  supply  in  the  south  to  follow  the  retreating  glaciers  to  the 
north  and  resupply  the  northern  régions,  where  they  appear  to  hâve 
existed  ever  since. 

It  is  impossible  to  say  how  long  ago  the  gypsy  moth  appeared  as 
a  distinct  species,  but  probably  after  the  glacial  ice  had  retreated  to 
the  far  north,  and  insects  as  well  as  other  animais  and  plants  also  had 
reappeared  in  Europe.  During  the  time  when  the  climatic  condi- 
tions changed  to  such  an  extent  as  to  cause  the  melting  and  retreating 
of  the  glacial  ice  towards  the  north  and  the  summits  of  the  higher 
mountains,  végétation  in  Europe  crept  slowly  back,  following  the 
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retreating  ice  mass,  more  or  less  stunted  at  first  and  represented  by  a 
peculiarly  Arctic  flora  which  was  followed  by  subarctic  and  temper- 
ate  zone  species,  as  shown  by  the  investigations  of  Steenstrup  in  the 
scovemosses  in  Denmark  and  of  others  elsewhere  in  Europe. 

During  this  time  of  slowly  changing  conditions  in  central  Europe 
new  species  could  well  hâve  been  developed.  If  the  remote  ancestors 
of  the  gypsy  moth  reached  central  Europe,  while  it  was  in  those  sub- 
arctic conditions  when  végétation  was  sparse  and  more  or  less  stunted, 
the  females,  as  a  resuit,  being  poorly  nourished,  would  lay  so  few 
eggs  that  flight  would  be  comparatively  easy,  and  at  that  time  both 
sexes  could  fly  equally  well  and  were  of  the  same  or  nearly  of  the 
same  color,  subject  to  more  or  less  variation  as  always  occurs.  As  the 
climate  became  more  equable  and  more  southern  végétation  took 
the  place  of  the  Arctic  flora  which  was  retreating  still  further  north, 
the  females  of  this  newly  developed  species,  the  gypsy  moth,  in  the 
greater  abundance  of,  and  perhaps  more  nourishing,  food,  developed 
a  larger  number  of  eggs  than  usual,  so  that  in  time  they  became  so 
heavy  that  flight  was  impossible  and,  by  disuse,  the  wings  grew 
weaker  and  thinner,  till  at  the  présent  time  they  rarely  make  any  at- 
tempt  to  fly.  If  this  line  of  reasoning  were  continued  we  should  in 
time  expect  to  find  the  wings  of  the  females  growing  smaller  and 
smaller,  till  at  last  they  would  hâve  only  minute  pads  left  in  place  of 
the  wings,  as  in  the  case  of  Notolophus  iottiqua  and  some  other 
species. 

As  soon  as  the  female  gypsy  moths  ceased  to  fly  they  at  once 
became  much  more  exposed  to  their  enemies,  especially  if  they  had 
the  same  habit,  as  now,  of  crawling  up  on  the  trunks  of  the  trees  and 
remaining  quiet  during  the  egg-laying  period.  In  the  old  forests  of 
birch,  beech  and  other  species  having  light-colored  trunks,  the  dark 
brown  females  must  hâve  stood  out  in  bold  relief  as  a  striking  target 
for  their  enemies,  while  the  actively  flying  maies  were  more  protected. 
The  females  in  those  ancient  times  undoubtedly  varied  more  or  less, 
as  they  do  at  the  présent  time,  and  those  that  were  lighter  in  color, 
approaching  the  color  of  their  resting  places,  would  be  preserved 
and  propagate  the  future  génération,  till  in  time  ail  of  the  females 
became  light  colored  or  white,  just  as  might  be  expected  of  them  in  a 
white  birch  forest.  It  is  interesting  to  note  that  the  normal  markings, 
as  the  transverse  lines  and  the  orbicular  and  reniform  spots,  are  pre- 
served the  longest,  and  last  of  ail  thèse  are  more  or  less  o1)literated, 
and  thus,  in  this  case  at  least,  the  antigeny  seems  to  me  to  hâve  been 
brought  about  by  natural  sélection. 

I  hâve  watched  thèse  moths  in  the  raating  season,  very  carefully 
during  the  last  fifteen  years,  both  in  confinement  and  in  the  field, 
and  I  hâve  never  seen  any  évidence  or  indication  that  the  females 
exhibit  any  choice  as  to  which  of  the  maies  hovering  about  shall  mate 
with  them.     In  fact,  when  there  is  but  one  maie  hovering  about  a 
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female,  preparatory  to  raating,  he  takos  about  the  same  length  of 
time  and  flutters  about  in  a  similar  manner  as  when  there  are  two  or 
more  ;  but  I  hâve  never  seen  a  single  suitor  rejected,  and  hâve  failed 
to  discover  that  thèse  females  make  any  sélection  of  a  mate.  The 
time  taken  and  the  movements  made  by  the  maie  seem  to  me  to  be 
merely  a  preparatory  stage  on  the  part  of  the  maie,  as  occurs  in  higher 
animais,  rather  than  a  period  of  waiting  for  the  female  to  make  her 
sélection,  as  some  daim. 

The  antennse  of  the  maie  gypsy  moth  are  heavily  bipectinated, 
thus  giving  an  increased  surface  for  the  sensé  organs.  My  friend 
and  former  pupil,  A.  H.  Kirkland,  performed  a  séries  of  very  in- 
teresting  experiments  on  the  gypsy  moth,  in  1895,  in  which  he  dem- 
onstrated  that  the  maies  discovered  the  présence  of  the  females  by 
means  of  organs  in  the  antennse,  probably  the  sensé  of  smell.  When 
the  antennse  of  the  maies  were  removed  or  coated  with  shellac  they 
could  not  assemble,  however  near  the  female  was  placed,  and  with 
the  wind  blowing  directly  from  the  female  to  the  maie.  If  some  por- 
tion only  was  covered  with  the  shellac  they  were  still  able  to  assemble 
to  some  extent.  Extensive  experiments  in  assembling  were  performed 
by  the  same  gentleman  with  the  gypsy  moth  in  the  field,  under  the 
most  favorable  circumstances,  and  in  no  case  did  they  assemble  be- 
yond  half  a  mile. 

It  was  also  démons trated  that  when  the  entire  abdomen  of  a 
female  was  covered  with  shellac  she  did  not  attract  the  maies,  and 
her  attractive  power  decreased  as  the  coated  portion  of  the  abdomen 
was  increased,  while  the  coating  of  other  parts  of  the  body  had  no 
effect  upon  her  attractive  power. 

From  the  studies  I  hâve  thus  far  been  able  to  make  I  am  led  to 
believe  that  assembling  had  its  origin  among  the  remote  ancestors  of 
the  gypsy  moth,  possibly  among  the  earliest  Lepidoptera  of  preglacial 
times,  and  that  it  led  to  the  strong  development  of  the  pectinations 
of  the  antennse  in  the  maies  of  thèse  insects,  as  well  as  in  many  other 
species.  In  the  early  postglacial  times  the  females  of  the  newly  dif- 
ferentiated  gypsy  moth,  having  already  formed  polyphagic  habits, 
because  of  the  changed  flora  of  central  Europe  following  the  Glacial 
Period,  developed  so  large  a  number  of  eggs  as  to  make  the  body  so 
heavy  that  flight  was  impossible,  and  thèse  conditions  gradually 
caused  a  change  in  the  form  and  thickness  of  the  wings  as  well  as  an 
atrophy  of  the  wing  muscles.  Finally  the  graduai  change  of  the 
ground  color  of  the  females  to  that  of  the  rocks  and  trunks  of  trees 
upon  which  they  most  frequently  rested,  together  with  other  changes, 
were,  as  I  believe,  brought  about  slowly  through  the  thousands  of 
years  since  the  Glacial  Period,  by  Natural  Sélection,  and  not  by 
Sexual  Sélection  as  many  hâve  believed. 


LES    FOURMILIÈRES-BOUSSOLES 
CH.   LINDER 

Les  fourmilières-boussoles  sont  les  nids  de  Lasius  flavus,  tels 
qu'on  les  trouve  en  abondance  dans  les  pâturages  du  Jura  et  des 
Alpes.  L'orientation  de  ces  constructions,  dès  longtemps  connue 
chez  les  montagnards,  a  été  brièvement  mentionnée  par  Peter  Huber 
dans  ses  Recherches  sur  les  mœurs  des  fourmis  indigènes  (1810). 
Ces  intéressantes  constructions  n'ont,  à  ma  connaissance,  été  tirées 
de  l'oubli  que  tout  récemment,  dans  une  notice  que  Erich  Wasmann 
a  publiée  à  propos  d'une  photographie  faite  par  Robert-Tissot 
(Chaux-de-Fonds,  Suisse)  et  parue  dans  la  N ahirwissenschaftliche 
Wochenschrift,  No.  25,  Berlin,  1907. 

Ayant  à  ma  portée  des  centaines  de  ces  fourmilières,  il  m'a  paru 
intéressant  d'étudier  de  plus  près  la  question  de  leur  orientation  et 
d'observer  aussi,  sinon  d'expliquer,  les  exceptions  à  la  règle  générale. 

Mes  observations  ont  porté  sur  de  nombreuses  fourmilières, 
situées  dans  les  pâturages  du  ]\Iont  Soleil,  sur  St.  Imier  (Jura, 
Suisse)  à  une  altitude  d'environ  1300  mètres.  Parmi  les  nombreux 
exemples  étudiés  ou  encore  actuellement  soumis  à  l'ol^servation,  je 
ne  citerai  que  quelques  cas  typiques,  sous  le  chef  desquels  les  autres 
se  laissent  facilement  ranger. 

Rappelons  tout  d'abord  que  les  fourmilières  de  Lasius  fiavus 
sont  des  monticules  de  terre,  recouverts  de  végétation,  appelés 
"teumons,"  dans  le  Jura  vaudois,  et  fort  peu  appréciés  des  agricul- 
teurs parceque  la  terre  maigre  de  ces  constructions  porte  une  végéta- 
tion xérophyte  que  le  bétail  évite  et  qui  se  resème  peu  à  peu  sur  le 
pâturage  et  l'envahit;  ou  remédie  parfois  à  cet  inconvénient  en 
prati(|uant  une  fumure  et  un  marnage  appropriés. 

La  forme  de  ces  fourmilières  n'est  pas  quelconque,  mais  bien  au 
contraire  ovoïde,  assez  régulièrement  allongée  et  orientée  suivant  la 
direction  Ouest-Est,  d'où  leur  nom  de  fourmilières-boussoles  et  l'usage 
qu'en  font  parfois  les  montagnards  pour  s'orienter  dans  le  brouillard 
ou  la  nuit. 

A  la  forme  ellipsoïde  de  ces  fourmilières  correspondent  encore 
d'autres  caractères  morphologiques  :    le  versant  Est  est  abrupt,  seul 
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habité  par  les  fourmis,  couvert  d'une  végétation  clairsemée,  faite 
souvent  de  thym,  de  genêt  ailé,  genêt  des  teinturiers,  de  millepertius, 
d'euphorbe,  de  plantain  et  de  graminées,  le  tout  sur  un  sol  meuble 
et  sablonneux. 

Le  versant  Ouest,  au  contraire,  est  disposé  en  pente  douce,  non 
habité,  fait  de  terre  lourde  et  tassée,  couvert  d'une  végétation  serrée 
touffue  mais  courte,  avec  beaucoup  de  plantes  à  feuilles  radicales  en 
rosette.  Cette  pente  douce  est  évidemment  le  résultat  de  l'accroisse- 
ment de  la  fourmilière  qui  se  fait  d'Ouest  à  Est,  en  même  temps  que 
la  colonie  abandonne  ses  anciens  quartiers  pour  se  porter  et  pour 
construire  du  côté  du  levant. 

L'esquisse  suivante  résume  cette  morphologie  externe  : 


West 


Vue  en 
Plan 


Vue  en  Profil 


L'orientation  des  fourmilières,  constatée  déjà  par  Huber  sur  des 
milliers  d'exemplaires,  ne  souffre  des  exceptions  que  lorsque  lepied 
de  l'homme  ou  du  bétail  est  venu  altérer  la  forme  ou  gêner  le  dé- 
veloppement normal  de  ces  intéressantes  constructions.  Nous  avons 
pu  nous  rendre  compte  aussi  que  des  exceptions  apparentes  sont 
dues  à  la  situation  de  la  fourmilière  dans  un  emplacement  à  con- 
ditions défavorables  ou  tout  au  moins  spéciales. 

Mais  dans  tous  les  cas,  il  semble  manifeste  que  nous  sommes  en 
présence  d'une  sorte  d'héliotropisme  que  l'insecte  imprime  à  sa  con- 
struction afin  d'utiliser  au  mieux  l'insolation,  à  des  altitudes  où  l'hiver 
est  long  et  où  le  printemps  commence  très  tard. 

Pour  nous  renseigner  sur  l'orientation  indiquée  plus  haut,  nous 
avons  procédé  à  des  levers  schématiques  de  nombreuses  fourmilières, 
repérant  à  la  boussole  leur  position,  mesurant  pour  chacune,  d'une 
façon  approximative,  le  périmètre  de  la  base,  la  longueur  du  grand 
axe,  la  plus  grande  largeur  et  la  hauteur.»  Voici  un  exemple  entre 
beaucoup,  illustrant  le  cas  le  plus  général. 
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Est 

Solstice  d'Hiver 

s 

N\ \/   Boussole 

w 

Sud 

Mesures  en  Centimètres 


Périmètre 

5.00 

Long  a^e 

a.oo 

Largeur 

0.80 

Hauteur 

0.40 

West 

Ou  voit  (jiie  l'axe  de  la  fourmilière  n'est  pas  exactement  dirigé  suivant 
E-W,  mais  forme  avec  cette  ligne  un  angle  d'environ  40°,  ce  qui 
correspond  peut-être,  quoique  assez  approximativement,  à  la  direc- 
tion du  soleil  levant  au  Solstice  d'hiver. 

La  règle  générale  comporte  des  exceptions  lorsque,  par  l'inter- 
position d'obstacles  (forêts,  collines)  entre  le  levant  et  la  fourmilière, 
le  soleil  levant  est  caché  à  celle-ci  et  ne  vient  frapper  le  monticule 
que  dans  le  milieu  de  la  matinée.  Dans  ce  cas,  la  fourmilière  n'a 
plus  guère  avantage  à  s'orienter  vers  une  lumière  qu'elle  ne  reçoit 
pas  :  elle  prend  une  orientation  indifférente,  égale  de  tous  les  côtés  : 
elle  devient  alors  circulaire,  isodiamétrale.    Exemple  : 


Boussole 


Mesures  en  Centimètres 


PeVi  mètre 

e.oo 

Long  axe 

0.58 

Largeur 

0.60 
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0.E6 

Les  deux  cas  se  trouvent  réunis  d'une  façon  presque  schématique 
dans  une  petite  combe  qui  ne  reçoit  le  soleil  levant  que  par  une 
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échancrure  au  SE  :  les  fourmilières  des  talus  pour  lesquelles  le  levant 
est  caché,  sont  circulaires;  celles  de  l'axe  de  la  combe  s'orientent 
vers  l'échancrure  (|ui  leur  donne  le  lumière  du  matin  •  elles  s'allongent 
et  deviennent  elliptiques. 
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Yolci  enfin  un  cas  en  contradiction  apparente  avec  la  règle  générale, 
mais  qui  me  parait  pouvoir  s'expliquer  par  le  même  héliotropisme. 

Ici,  dans  des  conditions  très  défavorables,  le  même  but  est  atteint 
par  une  orientation  diamétralement  opposée.  Placée  immédiate- 
ment en  arrière  d'un  rideau  de  sapins  à  l'Est,  la  fourmilière  ne  reçoit 
le  soleil  que  lorsqu'il  est  déjà  assez  haut  et  qu'il  a  dépassé  les  sapins 
vers  l'Ouest.  La  partie  Ouest  du  monticule  recevant  par  conséquent 
la  première  lumière,  la  fourmilière  a  pour  ainsi  dire  fait  volteface  et 
c'est  ici  le  versant  W  qui  est  abrupt  et  habité.  Il  est  inutile  de 
rappeler  que  la  pente  forte  permet  une  meilleure  utilisation  de  l'in- 
solation; il  suffit  de  penser  à  l'action  solaire  aux  différentes  zones 
du  globe  .terrestre  et  de  constater  la  situation  des  meilleurs  vignobles 
sur  les  pentes  les  plus  inclinées. 

Il  sera  intéressant  de  réunir  sur  cette  question  d'orientation  des 
fourmilières  un  matérial  d'observations  nombreuses  et  je  serais 
heureux  de  pouvoir  comparer  aux  miennes  les  données  que  voudront 
bien  me  fournir  les  naturalistes  d'autres  régions. 


PAPERS   APPEARING   BY  TITLE 


V.  L.  Kellogg. 

Insect  bioecomics. 

G.  Koshewnikov. 

Sur  le  polymorphisme  chez  Bombus. 

J.  G.  Needham. 

Some  developmental  phenomena  of  the  Perlidae. 

C.  W.  Stiles. 

A  reëxamination  of  the  t.ype  spécimen  of    Filaria  ncstiformis  Leidy 

(.4  ga  m  o  m  enn  is  )i  est  ifo  r  m  is  ) . 
On  the  occurrence  of  Sparçianum  prcliferm  in  men  in  Floritla. 
The  influence  of  uncinariasis  (hook  worm  disease)  on  the  farm  labor 

in  the  South. 

C.  W.  Stiles  and  J.  Goldberger. 

A  reëxamination  of  the  original  spécimen  of   Taenia  saxjinata  abietens 

(Weinland). 
Agamodistomum    nanus,    sp.    n.,    a    trematode    from    the    African 

partridge  {Francolinus  suhtorquatus) . 

H.  C.  Weeks. 

Radical  mosquito  extermination  work  in  Massachusetts. 


Section  VTL    GENERAL  ZOÔLOGY 


THE  INFLUENCE  OF  HIBERNATION  AND  MIGRATION 
ON  ANIMAL  PARASITES 

HENRY  B.   WARD 

Among  the  varied  interrelations  of  animais  none  are  more  inti- 
mate  or  more  immédiate  in  responding  to  changes  than  those  in- 
cluded  under  parasitism.  Even  though  owing  to  the  incomplète  state 
of  knowledge  the  évidence  in  any  particular  case  may  be  difficult 
to  elucidate,  yet  the  parasitic  fauna  furnishes  positive  évidence  of 
the  habits  of  its  host.  Among  the  parasites  of  any  animal  are  found 
indications  of  the  range  of  its  dispersai,  the  stage  of  its  development, 
the  character  of  its  food  supply,  and  the  médium  in  which  it  lives. 
Both  the  environment  and  the  life  history  are  pictured  in  the  guests 
it  shelters;  and  whatever  changes,  usual  or  exceptional,  are  en- 
countered  during  its  existence,  the  record  of  their  character  is  to 
be  read  in  the  organisms  harbored  by  this  host. 

Some  of  thèse  relations  hâve  been  investigated  and  discussed 
by  varions  authors.  Thus  important  évidence  concerning  the  habits 
of  the  migrant  is  found  in  the  record  of  Linton  (1899),  that  eels  caught 
in  the  sea  harbor  a  parasitic  fauna  comprising  largely  marine  éléments 
and  only  very  secondarily  forms  of  fresh-water  origin.  Zschokke 
(1902)  shows  that  the  lawyer  {Lota  vulgaris),  the  only  fresh-water 
représentative  of  a  purely  marine  group  of  fishes,  possesses  very  few 
parasites  common  to  hosts  which  are  confined  to  fresh  water,  while 
it  harbors  many  parasites  that  occur  rarely  or  never  in  fresh-water 
animais  and  are  characteristically  fréquent  in  marine  fishes.  The 
parasitic  fauna  hère  clearly  indicates  the  origin  of  the  host,  and 
secondarily  its  présent  habitat.  As  hère,  so  in  other  instances,  this 
factor  tests  the  conclusions  gained  through  other  Unes  of  study  and 
furnishes  valuable  évidence  to  confîrm  or  reject  proposed  hypothèses. 
It  constitutes  accordingly  an  important  means  for  the  détermination 
of  biological  data. 

Instances  such  as  those  cited  are  not  the  only  ones  in  which  the 
changing  relations  of  the  host  afïect  its  parasites.  Other  investi- 
gators  hâve  discussed,  though  often  only  casually,  the  influence  of 
growth  upon  the  parasitic  fauna  in  the  character  of  which  the  im- 
mature and  adult  individuals  differ  often  radically,  and  of  seasonal 
changes  with  the  appearance  and  disappearance  of  certain  éléments 
of  the  parasitic  population.     Usually  thèse  results  may  be  traced 
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to  changes  in  food  supply  with  the  modified  time,  âge,  range,  or 
habits  of  the  hosts.  But  in  some  cases  the  explanation  is  more  ccm- 
phcated  and  certainly  due  to  other  factors.  Thus  the  often  observed 
fact  that  at  the  onset  of  certain  diseases  parasites  désert  the  ahmentary 
canal  spontaneously  is  probably  attribu table  to  changes  in  the 
chemical  environment  within  the  intestine  which  react  unfavorably 
upon  certain  organisms  in  it.  In  still  other  cases  the  relations  of 
parasitism  are  as  yet  unsought  or  unexplained. 

It  is  of  two  spécial  periods  in  the  life  history  that  I  wish  to  speak 
in  their  relations  to  parasitism  as  shown  in  some  récent  work  with 
which  I  hâve  been  connected.  Thèse  periods  cover  hibernation 
and   migration. 

Data  regarding  the  condition  of  parasites  during  hibernation 
of  the  host  are  rare.  In  spite  of  extended  search  I  hâve  been  able 
to  discover  no  records  concerning  the  parasitic  fauna  of  hibernating 
Amphibia,  although,  of  course,  incidental  références  may  hâve  escaped 
my  notice.  Some  five  years  ago  I  assigned  the  topic  for  investiga- 
tion to  one  of  my  students,  Prof.  H.  B.  Duncanson,  of  the  Nebraska 
State  Normal  School,  and  he  has  foUowed  conditions  carefully  and 
continuously  during  this  time.  Without  préjudice  to  his  work  I  may 
be  permitted  to  cite  hère  some  of  the  results  which  he  has  secured, 
and  at  the  same  time  to  tender  thanks  for  his  courtesy  in  placing 
the  data  at  my  disposai.  The  observations  hâve  been  carried  out 
on  the  frog,  Rana  vircsccns,  which  can  be  secured  in  considérable 
numbers  in  a  convenient  locality  where  they  also  hibernate  in  close 
proximity  to  certain  springs.  The  constant  température  and  fiow 
of  thèse  springs  keeps  the  ground  from  freezing  during  the  winter 
and  thus  enables  one  to  secure  material  at  ail  times  of  year.  The 
detiniteness  of  the  area  provides  conditions  of  sufficient  uniformity 
to  warrant  conclusions  regarding  the  eflfect  of  the  factor  of  hiberna- 
tion. The  frogs  of  this  locality  harbor  a  parasitic  fauna  which  is 
neither  excessive  in  amount  nor  generally  variable  in  type;  but  of 
it  there  is  no  occasion  to  speak  in  détail  hère.  The  exact  data  belong 
naturally  in  Professor  Duncanson's  finished  paper.  Many  minor 
points  of  interest  may  also  be  passed  over  as  non-essential  to  the 
question  under  considération,  and  the  main  facts  relating  to  hiber- 
nation be  presented  briefly.  It  should  be  kept  in  mind  that  encysted 
forms  or  those  from  closed  cavities  are  not  discussed,  as  the  inves- 
tigation concerned  primarily  parasites  of  the  intestine  or  its  adnexa. 

The  lowest  percentage  of  parasitic  infection  is  found  in  the  late 
spring  or  early  summer  about  the  month  of  May  or  June;  that  is, 
just  after  the  spawning  season  has  been  concluded.  At  this  time 
adult  frogs  are  usually  free  from  ail  intestinal  parasites,  and  the 
exceptions  harbor  single  individuals  of  a  single  species  of  such  para- 
sites. The  latter  cases  may  be  satisfactorily  explained,  but  even 
without  explanation  they  constitute  no  real  exception  to  the  rule 
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that  at  the  close  of  the  reproductive  period  the  frog  is  free  from  in- 
testinal parasites. 

During  the  summer  and  fall  the  parasitic  infection  of  the  frogs 
increases  steadily  both  in  number  of  species  and  of  individuals. 
This  increase  is  not  always  regular,  but,  as  might  be  expected,  is  sub- 
ject  to  notable  individual  variation.  The  causes  of  such  variations 
suggest  theraselves  at  once  and  need  not  be  discussed  hère.  The 
infection  advances  in  degree  through  the  fall,  and  reaches  its  maximum 
during  the  hibernating  season.  To  be  sure,  the  absolute  percentages 
show  the  highest  degree  of  infection  among  frogs  taken  from  the 
ground  in  the  month  of  February,  but  this  is  evidendy  accidentai, 
and  the  différent  winter  months  show  practically  the  same  per- 
centage  of  infection,  even  though  mathematically  there  is  this  slight 
différence  in  favor  of  February.^  In  brief,  then,  parasitic  infection  in- 
creases up  to  the  time  of  hibernation,  and  does  not  decrease  during 
the  latter  period.  When  the  frog  émerges  from  hibernation  he  carries 
still  the  maximum  number  of  parasites.  Evidently,  then,  one  must 
conclude  that  the  intestinal  parasites  hibernate  with  the  host.  Fol- 
lowing  this  the  parasites  enter  upon  a  period  of  active  reproduction, 
which  continues  up  to  the  time  when  the  hosts  spawn.  This  usually 
takes  place  during  April,  but  this  year  did  not  occur  in  some  in- 
dividuals until  May,  and  even  June.  Comparatively  few  flukes  are 
sexually  mature  except  during  the  latter  part  of  winter,  and  the 
climax  is  attained  soon  after  the  host  émerges  from  winter  quarters; 
then  its  parasites  appear  to  hâve  reached  the  optimum  of  sexual 
reproduction,  if  one  may  judge  from  the  number  of  eggs  discharged. 
This  discharge  of  ova  begins  promptly  after  the  period  of  hiberna- 
tion is  ended,  and  continues  more  or  less  constandy  during  March 
and  April,  or  until  the  spawning  season  has  been  reached.  The 
parasites  themselves  are  discharged  or  pass  out  from  the  body  of 
the  host  at  the  time  of  spawning,  and  the  close  of  this  period  finds 
the  host  again  free  from  infection.  Two  observations  show  most  dis- 
tincdy  that  the  phenomena  of  parasitic  infection  are  related  to  the 
periods  of  hibernation  and  reproduction  rather  than  to  the  calendar 
or  the  season.  The  frogs  in  this  locality  came  from  winter  quarters 
early  in  March  this  year  (1907),  and  hâve  spawned  ail  the  way  from 
March  25  to  June.  They  hâve  carried  their  parasites  regularly  up 
to  the  time  of  spawning,  but  not  beyond.  Furthermore,  Professer 
Duncanson  found  two  individuals  which  had  not  spawned  in  June 
this  year,  and  both  still  contained  many  sexually  mature  parasites, 
while  ail  other  frogs  examined  had  none. 

*  Professer  Duncanson  says  that  complète  hibernation  does  not  in  this  locality 
continue  throughout  the  winter  months.  There  may  be  two  or  three  warm  days 
in  wliich  the  frogs  are  more  or  less  active  and  thus  may  acquire  new  infections. 
At  any  rate,  during  thèse  warm  days  in  winter  fresh  food  was  found  in  the  stomachs 
of  some  frogs. 
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The  very  unusual  prolongation  or  postponement  of  the  spawning 
period  in  the  year  1907  is  due  evidently  to  the  late  spring  and  ab- 
errant climatic  conditions.  In  ail  cases  hère  as  before,  however,  the 
disappearance  of  the  parasites  was  synchronous  with  the  expulsion 
of  the  reproductive  éléments. 

Thèse  results  need  vérification  in  other  localities  as  well  as  ex- 
tension to  other  species  and  gênera  before  they  can  be  accepted  as 
final.  Nevertheless  they  apparently  indicate  very  clearly  that  the 
parasites  hâve  acquired  the  habit  of  hibernating  with  the  host,  that 
at  the  close  of  this  period  they  résume  normal  activities  for  a  time, 
and  that  a  physiological  limit  to  their  existence  has  been  reached 
by  the  time  the  reproductive  cells  of  the  host  are  mature.  Then 
they  either  die  and  pass  out  of  the  host,  or  are  so  weakened  that  the 
muscular  exertion  incident  to  expulsion  of  the  ova  and  sperm  cells 
results  in  forcing  them  from  their  positions  and  discharging  them 
from  the  body  of  the  host.  The  rétention  of  the  parasites  until  the 
spawning  period,  be  that  early  or  late,  favors  the  latter  view.  A 
limit  to  the  life  of  parasitic  organisms  is  known  in  some  cases,  but 
I  do  not  recall  any  other  instance  in  which  the  parasites  of  a  host, 
even  those  belonging  to  a  single  species,  are  thus  expelled  at  a  single 
time.  It  should  be  borne  in  mind  also  that  the  individuals  whose 
existence  is  thus  terminated  at  a  definite  point  were  not  ail  introduced 
into  the  host  organism  at  the  same  time,  but  that  they  represent 
successive  infections  covering  several  months  of  time,  and  that  in 
conséquence  they  difîer  relatively  very  considerably  in  âge. 

I  hâve  not  found  any  opportunity  to  observe  the  efîects  upon 
parasites  of  hibernation  either  in  reptiles  or  mammals. 

The  following  record  is  important  in  this  connection.  Blanchard 
(1903)  records  that  hibernating  marmots  never  contain  any  hel- 
minthes in  the  intestine  ;  and  that  in  more  than  a  hundred  individuals 
examined  he  found  only  larval  nematodes  encysted  in  the  wall. 
Further,  the  hibernating  marmot  cannot  be  infected  with  Trichina, 
and  thèse  parasites,  if  ingested  during  hibernation,  survive  less  than 
thirty  days  in  the  intestine.  The  disappearance  of  the  parasites 
during  hibernation  may  be  due  in  this  case  to  the  réduction  of  tem- 
pérature on  the  part  of  the  warm-blooded  host.  It  is  difïicult  to 
compare  satisfactorily  the  meager  data  from  hosts  so  différent 
as  the  amphibian  and  the  mammal.  Yet  this  record  appears  to 
indicate  that  température  is  the  controUing  factor,  sihce  helminthes 
of  the  warm-blooded  host  disappear  with  the  onset  of  hibernation, 
while  those  of  the  cold-blooded  host  are  retained  through  this 
period. 

Migration  may  be  a  mère  incidental  change  of  location;  it  may 
be  governed  by  seasonal  changes  of  température  or  moisture,  or 
again  be  related  to  the  proper  discharge  of  the  reproductive  function. 
Changes  of  location  unregulated  by  natural  or  physiological  phe- 
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nomena,  and  hence  purely  incidental  to  the  organism  itself,  are  most 
extensively  illustrated  among  domesticated  animais.  It  is  generally 
well  known  that  the  parasitic  fauna  of  such  animais  differs  con- 
siderably  in  différent  localities.  A  single  instance  may  suffice  to 
exemplify  this  point.  Cattle  in  Europe  are  commonly  infcsted  with 
Fasciola  hcpatica,  a  parasite  of  tlie  liver  of  Herbivora  generally. 
In  Texas,  and  elsewhere  on  the  Gulf  of  Mexico,  they  occasionally 
harbor  the  same  parasite,  which  has  been  imported  into  the  région 
in  one  or  more  of  its  European  hosts  and  has  acquired  a  footing. 
Much  more  generally  the  Texas  cattle  are  infected  with  Fasciola 
magna.  This  species  is  in  ail  probability  indigenous  to  the  North 
American  continent,  where  it  has  been  widely  reported  from  native 
herbivores  as  well  as  from  domesticated  animais,  while  its  occurrences 
beyond  the  limits  of  this  continent  are  from  zoological  gardens  and 
in  hosts  exported  from  North  America.  Now  the  introduction  into 
its  natural  range  of  suitable  species,  such  as  domestic  cattle,  has 
resulted  in  its  acquiring  a  new  host  while  the  latter  adds  a  new  species 
to  its  parasitic  fauna.  To  a  considérable  extent  individual  species 
of  parasites  are  confined  to  definite  areas,  and  the  migration  of  suit- 
able hosts  from  one  région  to  another  results  in  the  more  or  less  com- 
plète substitution  of  one  species  of  parasite  for, another.  The  change 
is  often  more  striking  than  the  instance  just  cited,  and  is  related  to 
radical  changes  in  location. 

Nebraska  is  located  nearly  in  the  center  of  the  great  prairie 
région  of  this  continent,  and  is  traversed  spring  and  fall  by  vast  swarms 
of  wild  duclcs  of  numerous  species  which  breed,  some  within  the 
northern  limits  of  the  State,  but  mostly  much  farther  north.  For 
twelve  years,  with  the  aid  of  varions  students  and  friends,  I  hâve  been 
making  systematic  collections  of  parasites  from  thèse  migrants  as 
they  pass  north  and  south.  One  fact  is  clear  from  the  records,  in- 
complète as  they  are.  The  parasites  found  in  the  birds  going  south 
are  radically  différent  from  those  they  harbor  on  the  way  north  some 
four  or  five  months  later.  There  is  a  certain  small  percentage  of 
the  parasitic  fauna  of  the  two  seasons  that  is  identical.  I  hâve  not 
been  able  to  décide  whether  this  élément  is  acquired  in  both  régions, 
or  whether  it  is  characteristic  of  one  only  and  persists  beyond  the 
period  of  stay  in  the  other.  One  factor  which  has  only  recently 
become  évident  tended  to  confuse  the  earlier  records,  and  even  yet 
the  extent  of  its  influence  is  not  positively  determined.  Many  of 
the  birds  which  travel  south  in  the  fall  are  young,  having  been  hatched 
in  that  summer's  brood.  The  parasites  with  which  they  are^infected 
belong,  of  course,  exclusively  to  the  parasitic  fauna  of  the  North. 
But  they  are  also  in  large  part  the  parasites  of  immature  âge,  and  do 
not  recur  in  the  full-grown  birds,  even  though  the  latter  hâve  passed 
the  summer  in  the  same  environment.  The  labor  involved  in  the 
complète  détermination  of  ail  the  spécimens  and  in  a  final  analysis 
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is  evidently  great,  and  I  cannot  report  fuUy  on  the  material.  But 
the  more  characteristic  forms  hâve  been  determined,  and  those  less 
fréquent  species  which  remain  cannot  greatly  modify,  if  at  ail,  the 
gênerai  resuit.  Migration  in  this  phase  also  demonstrates  clearly 
the  definite  geographical  distribution  of  the  parasitic  fauna  just  as 
is  known  of  higher  free-living  forms. 

Among  the  extensive  and  careful  records  of  avian  parasites  made 
in  Egypt  there  are  some  which  seem  to  point  to  the  same  conclusion, 
namely,  the  importation  of  species  by  birds  returning  from  the  North. 
I  think  that  in  some  connection  Looss  has  discussed  this  matter,  but 
I  am  unable  now  to  locate  this  référence  or  to  give  a  more  exact 
citation  of  it.  Evidently  the  seasonal  migrations  of  birds,  trans- 
cending  the  limits  of  continents  and  crossing  regularly  ail  kinds  of 
natural  barriers  to  the  dispersion  of  species,  hâve  resulted  long  since 
in  introducing  into  the  South  ail  avian  parasites  from  the  northern 
régions  which  could  find  there  proper  conditions  for  existence,  and, 
vice  versa,  in  adding  to  the  northern  parasitic  fauna  such  forms  from 
birds  as  could  establish  themselves  there.  The  migration  cannot  now 
be  expected  to  add  new  species  to  either  région;  it  merely  affords 
an  indication  of  the  manner  in  which  in  the  past  parasitic  forms  hâve 
been  widely  disseminated  and  an  explanation  of  the  unusually  wide 
distribution  of  the  parasites  of  migratory  birds. 

Among  the  fishes  are  numerous  instances  of  migration,  the  most 
striking  of  which  are  related  to  the  reproductive  function.  One  of 
the  best  known  is  the  case  of  the  salmon,  and  this  is  also  the  only  one 
which  has  received  careful  attention  with  référence  to  the  parasitic 
infestation  of  the  fish.  The  most  comprehensive  and  important 
of  thèse  investigations  are  those  by  Zschokke  (1889,  1891,  1902).  To 
présent  the  conditions  accurately,  let  me  state  them  as  nearly  as 
practicable  in  his  own  language. 

Richly  laden  with  parasites  the  Rhine  salmon,  Salmo  salar, 
enters  upon  its  journey  in  fresh  water.  In  the  course  of  its  wandering 
it  loses  more  and  more  those  parasites  which  inhabit  the  open  in- 
testine below  the  pyloric  cœca  ;  and  since  it  fasts  while  ascending  the 
Rhine,  and  thus  the  door  for  the  invasion  of  parasitic  worms  is  closed, 
it  secures  no  fresh  supply.  Even  thus  the  salmon  at  Basel  affords 
an  unusually  rich  booty  of  parasites,  harboring  more  than  twice 
as  many  species  as  any  fresh-water  fish  at  that  place.  But  there 
remain  only  the  inhabitants  of  the  anterior  part  of  the  alimentary^ 
canal  and  those  which  can  retire  there  ;  so  that  parasites  which  in 
other  hosts  inhabit  only  the  intestine,  occur  in  the  stomach  and 
œsophagus  of  the  Rhine  salmon.  To  such  must  be  added  also  those 
forms  which  lie  in  the  pyloric  cœca  with  their  rich  store  of  reserve 
food,  as  well  as  others  which  are  encapsulated  in  various  parts  or 
move  about  freely  in  the  body  cavity  or  other  closed  organs.  But 
even  those  parasites  in  the  œsophagus,  stomach,  and  pyloric  cœca 
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appear  to  décline  in  number  of  species  and  individuals  as  the  fish 
remains  longer  in  fresh  water  and  clirabs  higher  in  the  stream. 
Finally,  the  sahnon  harbors  only  the  encapsulated  forms  and  those 
lying  in  varions  entirely  occluded  organs.  The  migration  up  the 
Rhine  constitutes  thus  a  cure  for  the  ehmination  of  parasites  from 
the  ahmentary  canal.  Some  investigators,  indeed,  though  withont 
the  exact  knowledge  afforded  by  thèse  démonstrations  of  Zschokke, 
hâve  proposed  to  explain  the  migratory  instinct  of  [many]  fishes 
on  the  basis  of  the  necessity  of  relieving  themselves  of  parasites 
acquired  in  the  océan. 

The  salmon  which  ascends  the  streams  from  the  Baltic  Sea  feeds 
abundantly  in  fresh  water  and  harbors,  accordingly,  some  fresh- 
water  parasites,  while  the  intestinal  région  does  not  become  free 
from  parasitic  infestation.  It  possesses  even  a  richer  parasitic  fauna 
than  the  Rhine  salmon. 

To  thèse  observations  of  Zschokke  may  be  added  some  others, 
which,  though  less  extensive,  give  important  évidence  in  support 
of  Zschokke's  views.  Fritsch  (1894)  records  that  in  the  Elbe  the 
salmon  takes  absolutely  no  food,  and  notes  the  corresponding  purely 
marine  character  of  its  parasitic  fauna.  On  the  other  hand,  ]\Ic- 
Intosh's  observations  (1863)  on  the  salmon  of  the  Tay  demonstrate 
that  it  does  feed  to  some  extent  during  its  fresh-water  migration. 
The  list  of  its  parasitic  inhabitants  shows  the  marine  élément  pre- 
ponderating,  but  includes  also  some  guests  of  fresh-water  fishes. 
The  parasitic  fauna  of  this  salmon  is  rich  and  varied,  and  includes 
a  considérable  élément  in  the  intestine  behind  the  pyloric  cœca 
where  in  the  Rhine  salmon  parasites  are  entirely  lacking.  This 
and  the  large  percentage  of  fresh-water  forms  in  the  alimentary 
canal  are  advanced  by  Zschokke  in  support  of  the  view  that  the 
taking  of  food  is  uninterrupted.  The  marine  parasites  of  the  ali- 
mentary canal  are  gradually  lost,  and  only  partially  replaced  by 
fresh-water  successors,  so  that  the  parasitic  fauna  becomes  reduced 
during  the  migration  of  this  salmon  also. 

By  inference  from  thèse  records  of  différent  observers  the  parasitic 
infestation  is  at  a  minimum  when,  after  spawning  is  finished,  the 
salmon  starts  on  its  return  to  the  sea.  To  a  certain  extent  conditions 
are  similar  to  those  which  obtain  in  the  case  of  the  frog,  that  I  hâve 
just  discussed.  The  reproductive  period  constitutes  the  terminus 
of  a  physiologie  cycle,  and  the  organism  starts  upon  a  new  cycle 
unincumbered  by  the  parasitic  guests  of  the  former  period. 

In  view  of  thèse  extremely  interesting  investigations  on  the  re- 
lations of  parasitism  to  migration  in  the  European  salmon  by  Zschokke 
and  others  to  whom  I  hâve  just  referred,  it  was  with  pleasure  that 
I  accepted  an  invitation  from  the  U.  S.  Bureau  of  Fisheries  to  inves- 
tigate  the  parasitic  diseases  of  the  Alaska  salmon.  Permit  me  hère 
to  express  the  thanks  due  to  the  Hon.  George  M.  Bowers,  U.  S.  Com- 
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missioner  of  Fisheries,  for  many  courtesies,  including  the  permission 
to  make  use  at  this  time  of  some  of  the  gênerai  data  secured  during 
my  stay  in  Alaska  last  summer.  The  détails  are  too  voluminous 
for  inclusion  hère,  and  belong  rightly  in  the  fînished  report  of  the 
work  to  be  published  by  the  Bureau  of  Fisheries.  A  brief  sketch 
of  the  results  so  far  as  they  bear  upon  the  question  under  considéra- 
tion may  be  preceded  by  a  few  items  in  regard  to  the  Pacific  salmon 
to  facilitate  comparison  with  the  previous  work  in  Europe.  The 
European  work  lias  ail  been  donc  on  the  Atlantic  salmon,  of  which 
only  one  species,  Salmo  salar,  is  recognized  by  ichthyologists.  Its 
local  races  manifest,  as  already  noted,  certain  différences  in  habits. 

The  Pacific  salmon  has  five  species  of  more  or  less  commercial 
importance:  the  King  salmon  (Onchorhynchus  tschawytscha) ;  the 
Red  salmon  (Onchorhynchus  nerka);  the  Cohoe  or  Silver  salmon 
(Onchorhynchus  kisutch)  ;  the  Humpback  salmon  (Onchorhynchus 
gorhuscha)  ;  and  the  Dog  or  Calico  salmon  (Onchorhynchus  keta). 
Of  thèse  the  most  abundant  and  important  commercially  in  Alaska 
is  the  Red  salmon,  to  which  in  my  work  especial  attention  was  paid. 
In  ail  138  spécimens  of  this  fish  from  varions  portions  of  the  Ketchikan 
district  were  examined,  beginning  with  the  first  to  appear,  early 
in  June,  and  extending  to  the  time  of  spawning,  about  September  1. 
Thèse  included  also  spécimens  taken  both  from  salt-water  and  from 
fresh-water  lakes  at  différent  periods  of  time,  so  that  the  average 
condition  of  the  species  was  fairly  represented.  (Ail  the  statements 
to  be  made  apply,  unless  the  contrary  is  specifically  stated,  to  this 
species.)  Of  the  other  species  smaller  numbers  were  examined; 
namely,  31  humpback,  21  silver,  10  king,  and  9  dog  salmon.  So 
far  as  data  were  obtained  from  thèse  they  substantiate  the  results 
of  examinations  made  on  the  red  salmon,  but  the  numbers  are  too 
small  to  justify  any  further  gênerai  statements.  It  was  striking 
that,  in  spite  of  similar  habits  and  food,  thèse  salmon  appear  to  mani- 
fest a  distinct  individuality  in  the  parasitic  species  they  harbor. 
Braun  (1893)  has  called  attention  to  a  marked  différence  in  cestode 
infestation  between  closely  related  gênera  of  animais,  citing  fish- 
eating  birds  that  pursue  the  same  prey.  The  phenomenon  has  been 
explained  on  the  basis  of  différence  in  the  alimentary  sécrétions  of 
the  two  species,  and  in  so  far  as  the  range  of  such  forms  is  identical, 
this  appears  to  be  the  only  explanation.  In  the  case  of  the  salmon 
there  are  concerned  only  species  of  the  same  gênera,  and,  until  the 
contrary  is  proved,  we  must  assume  preferably  that  the  cause  is  a 
différence  in  range  or  food  during  the  long  unknown  life  in  deep  waters 
of  the  océan,  whence  thèse  fish  suddenly  come  into  the  estuaries  on  the 
approach  of  the  spawning  season.  Of  the  European  salmon  Zschokke 
says  (1891:22),  "The  parasitic  fauna  teaches  us  what  is  often  re- 
garded  as  not  yet  completely  demonstrated,  that  the  salmon  of  différ- 
ent stream  régions  carries  on  a  différent  mode  of  life."     For  the 
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Alaska  salmon  the  same  may  be  said  with  added  emphasis.  The 
différences  in  the  gênerai  aspect  of  the  parasitic  fauna  are  greater 
between  the  species  of  Alaska  salmon  than  those  we  are  about  to 
discuss  between  the  same  species  at  différent  times  in  its  migration. 

The  red  salmon  caught  early  in  the  season  in  the  salt-water  and 
brackish-water  estuaries  of  southeastern  Alaska  frequently  hâve  the 
stomachs  well  filled  with  recently  ingested  food.  Of  25  such  only 
7  had  any  parasites  in  the  intestine,  while  of  10  without  any  food 
in  the  stomach  ail  save  1  had  parasites  in  the  intestine.  Of  those 
red  salmon  examined  a  month  or  more  later  7ione  had  recognizable 
masses  of  food  in  the  stomach,  and  yet  about  the  same  percentage 
of  the  whole  number  was  found  to  harbor  intestinal  parasites.  It 
is  possible  to  go  one  step  further  in  this  analysis:  the  red  salmon 
taken  in  both  July  and  August  from  fresh-water  lakes,  where  they 
were  waiting  and  ripening  for  the  spawning  period,  show  the  same 
variability  and  relative  degree  of  parasitic  infection  in  the  intestine 
as  those  taken  from  the  sait  water,  save  that  the  occasional  spécimens 
of  Bothriotania  infundibuliformis,  which  are  rarely  found  in  the 
salt-water  salmon,  were  not  présent  at  ail  in  the  fresh-water  spéci- 
mens. In  brief,  then,  so  far  as  the  Alaska  salmon  is  concerned,  in- 
testinal parasites  are  both  variable  and  infrequent  at  ail  times,  and, 
in  opposition  to  the  démonstrations  of  Zschokke  for  the  European 
salmon,  do  not  disappear  from  the  intestine  either  early  or  late  in 
the  migration,  although  the  number  of  cestodes  possibly  becomes 
reduced  towards  the  close  of  that  period.  One  fact  was  noticeable 
in  thèse  examinations,  as  I  hâve  also  marked  it  in  other  fish  at  varions 
places;  namely,  if  a  fish  be  left  out  of  the  water  for  more  than  a 
brief  period  the  cestodes,  especially,  will  be  found  to  hâve  left  the 
intestine.  I  am  unable  to  say  whether  they  wander  out  voluntarily, 
as  is  known  to  occur  at  the  inception  of  certain  diseases  in  land 
animais,  or  whether  they  are  forced  out  by  the  réduction  in  volume 
of  the  fish  due  to  post-mortem  contraction  of  the  muscles  and  to  the 
mechanical  effects  of  drying.  The  fact,  however,  tends  to  vitiate 
results  obtained  from  the  examination  of  fish  exposed  for  an  in- 
defînite  time  in  fish  markets.  I  hâve  no  évidence  that  either  trema- 
todes  or  nematodes  are  affected  in  the  same  way,  although  I  hâve 
frequently  captured  intestinal  flukes  crawling  about  in  the  mouth 
or  on  the  outer  skin  of  fish  that  had  been  lying  untouched  for  some 
time  on  the  ground  or  in  a  box. 

The  parasites  of  the  pyloric  région  are  apparently  not  affected 
by  the  migration,  with  the  exception  that  the  only  large  cestode  found 
{Bothriotœnia  infundibuliformis)  was  not  présent  in  hosts  taken  from 
fresh  water.  It  is,  however,  not  fréquent  in  any  séries  of  spécimens  ; 
hence  its  absence  in  the  later  part  of  the  migratory  period  may  be 
without  significance.  The  parasites  of  the  stomach  and  œsophagus 
are  as  varied  in  species  and  nearly  as  abundant  in  numbers  at  the 
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close  of  the  migratory  period  as  they  were  at  the  outset.  Nor  can 
I  fincl  any  invasion  of  thèse  organs  by  parasites  which  earlier  inhabit 
the  more  posterior  portions  of  the  alimentary  canal.  The  parasites 
of  the  body  cavity,  which  include  a  most  interesting  and  abundant 
new  species,  remain  also  as  numerous  and  as  active  in  ripe  fish  on 
the  spawning  grounds  as  they  are  in  the  unripe  fish  in  sait  water. 
In  other  words,  with  the  possible  exception  of  the  large  cestodes  in 
the  Alaska  salmon,  migration  does  not  afîord  a  successful  means  of 
eliminating  alimentary  parasites. 

Like  the  Rhine  salmon,  our  Pacific  species  do  not  feed  after  they 
leave  the  sait  water.  I  hâve  not  found  food  objects  even  incidentally, 
in  the  stomach,  although  such  may  occasionally  be  swallowed  by 
accident.  The  white  mucus,  which  is  présent  in  considérable  quan- 
tities,  at  first  become  reduced  in  volume  and  changed  until  only  a 
little  greenish,  more  fluid  material,  remains.  Thèse  changes  hâve 
no  apparent  efîect  on  the  parasites  présent  at  the  start.  In  those 
fish  which  had  been  longest  in  fresh  w^ater  I  discovered  a  few  cestode 
larvœ  which  were  apparently  of  récent  introduction.  But  the  fresh- 
water  élément  is  relatively  insignificant.  One  addition  is  note- 
worthy.  During  the  stay  in  the  two  lakes  at  which  I  worked  the 
Alaska  salmon  acquires  abundantly,  and  regularly,  one  new  parasite. 
In  ail  cases  the  oral  cavity  and  gills  contained  large  numbers  of  a 
parasitic  copepod,  not  a  single  spécimen  of  which  was  ever  taken  from 
a  salt-water  fish.  This  is  the  total  of  the  fresh-water  contribution 
to  the  parasitic  fauna  of  the  Alaska  salmon.  Omitting  the  gill  para- 
site, which  has  no  relation  to  alimentation,  the  increase  is  as  trivial 
as  in  the  case  of  the  Rhine  salmon,  according  to  Zschokke's  inves- 
tigations. This  author  maintains  rightly  that  the  absence  of  fresh- 
water  parasites  is  strong  évidence  for  the  assumption  that  in  the 
Rhine  the  salmon  fasts  completely.  The  similar  absence  of  a  fresh- 
water  élément  in  the  parasitic  fauna  of  the  Alaska  salmon  is  an 
equally  strong  confirmation  of  the  view  that  this  fish  also  does  not 
feed  at  ail  during  its  fresh-water  existence. 

While  in  this  particular  the  évidence  from  parasiiism  indicates 
a  biological  similarity  between  the  salmon  of  Alaska  and  of  the 
Rhine,  other  détails  already  noted  manifest  as  distinctly  a  biological 
contrast.  The  parasites  of  the  Alaska  salmon  may  sufîer  some 
réduction  in  numbers  during  the  migratory  period,  yet  the  séries 
of  fish  examined  is  too  limited  to  demonstrate  such  a  relation,  since 
the  infection  of  the  host  has  been  shown  to  be  exceedingly  variable 
under  ail  conditions.  Certain  it  is  also  that  at  the  termination  of  the 
migratory  period  the  parasitic  fauna  of  the  Alaska  salmon  is  still 
varied  and  continues  to  inhabit  ail  régions  of  the  body. 

Thèse  results  stand  in  such  strong  contrast  with  those  of  Zschokke, 
already  discussed,  that  they  are  both  unexpected  and  difficult  to 
explain.     They  evidently  need  vérification  from  another  séries  of 
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observations  on  the  same  hosts  before  they  can  bo  finally  accepted. 
Nevertheless  it  sliould  be  borne  in  niind  that  the  Alaska  sahnon  belon^s 
to  an  entirely  diU'erent  genus  froni  the  Fairopean,  and,  fnrtherniore, 
that  it  perishes  at'ter  spawning  and  never  returns  to  sait  water  to 
enter  upon  another  physiologie  cyele  of  existenee.  There  is  then  at 
least  one  physiologie  faetor  in  this  ease  whieh  does  not  exist  in  the 
other,  and  one  niight  properly  expeet  to  find  in  conseqnenee  some 
radieal  différences  in  the  eeonoray  of  the  two  species. 

So  far  as  the  parasitie  forins  are  concerned  this  lirait  of  life  with 
a  single  reproductive  period  and  failure  of  the  host  to  return  to  the 
sea  are  of  considérable  influence.  Large  mnnbers  of  |)arasites  are 
carried  into  fresli  water  by  the  salmon  and  left  there.  Arnong  them 
are  both  adult  and  immature  forms.  They  do  not  seem  to  furnish 
any  effective  addition  to  the  parasitie  life  of  the  lakes,  as  search 
among  the  most  varied  hosts  in  and  about  thèse  waters  failed  to 
disclose  thèse  parasites  or  any  stages  in  their  life  historiés.  Some 
of  the  encysted  forms  may  reach  maturity  occasionally  in  birds  or 
mammals  which  feed  upon  the  fresh-water  salmon,  but  in  such 
cases  the  means  of  reinfection  are  not  easy  to  conjecture.  The 
mature  forms  discharge  their  ova  into  an  environment  where  they 
could  hardly  find  conditions  for  further  development,  and  even  if 
the  emiiryos  do  pass  successfully  the  first  stages  of  their  life  history, 
there  is  no  chance  to  reach  the  adult  salmon  as  final  host.  One 
distome  which  inhabits  the  trout  of  the  streams  and  lakes,  as  well 
as  the  salmon,  may  owe  its  introduction  into  fresh  water  to  thèse 
migrations.  But  the  instance  is  unique  and  the  introduction  un- 
questionably,  at  least,  of  long  standing,  if  the  case  is  not  to  be  ex- 
plained  on  other  grounds.  Evidently,  then,  the  vast  majority  of  the 
parasites  which  the  Alaska  salmon  brings  into  fresh  water  can  find 
no  further  possibilities  of  existence.  Thèse  large  numbers  which 
do  not  complète  their  life  cycles  early  enough  to  leave  ova  in  the 
sea  form  part  of  the  reproductive  surplus  so  prominent  in  para- 
sitie organisms.  They  are  unable  to  aid  in  the  propagation  of  the 
species. 
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VARIATION  OF  ENVIRONMENT 

(Abstr.\ct) 
A.  E.  ORTMANN 

AssuMiNG  that  variations  of  organic  beings  are  directly  influenced 
by  the  variations  of  environment,  we  see  that  there  are  two  kinds  of 
variations  of  the  iatter,  which  might  be  correlated  with  corresponding 
types  of  organic  variation. 

Environment  is  by  no  means  a  fixed  set  of  conditions,  but  there 
are  numerous  features  in  it  which  change  more  or  less.  Some  are 
characterized  by  the  fact  that  they  fluctuate  around  a  certain  average, 
but  on  the  other  hand  we  observe  that  environmental  conditions 
may  change  permanently  in  a  definite  direction.  Both  forms,  fluc- 
tuating  variation  and  permanent  changes  or  mutation,  are  not 
sharply  separated,  but  pass  gradually  into  éach  other. 

It  is  easily  seen  that  the  so-called  "fiuctuating  variation"  of 
organisms  may  be  directly  correlated  to  the  fîuctuating  variation  of 
environment;  then,  again,  there  are  permanent  changes  in  organic 
forms,  or  "mutations"  (in  the  sensé  of  v.  Waagen,  but  not  of  de 
Vries):  thèse  may  be  correlated  with  the  permanent  changes  of  en- 
vironment, so  that  the  latter  directly  produce  the  former  (pressure 
of  environment).  If  this  is  true,  that  the  two  différent  kinds  of 
organic  variation  dépend  on  the  corresponding  variations  of  envi- 
ronment, it  is  clear  that  both  may  also  pass  into  each  other  and 
that  there  is  no  sharp  line  to  be  drawn  between  them.  Thus  fîuctu- 
ating organic  variation  may  change  to  mutation,  that  is  to  say,  chance- 
variations  may  become  permanent,  provided  that  the  fluctuating 
changes  in  the  environment  become  permanent  ones. 


NOTES   ON   THE   DISTRIBUTION   OF  ENTOZOA   OF 
NORTH   AMERICAN   MARINE   FISHES 

EDWIN  LINTON 

In  this  paper  it  is  proposed  to  give  attention  to  some  resemblances 
and  différences  found  in  the  helminth  faunas  of  the  following  local- 
ities  :  Woods  Hole,  Massachusetts  ;  Beaufort,  North  Carolina  ;  Ber- 
muda ;   and  Tortugas,  Florida. 

Most  of  the  material  from  the  several  locahties  was  collected  in 
the  months  of  July  and  August. 

Woods  Hole  is  situated  on  the  coast  of  southern  New  England, 
where  the  influence  of  the  arctic  current  is  less  évident  than  it  is  north 
of  Cape  Cod.  Many  of  the  fishes,  however,  from  which  entozoa 
were  obtained  in  this  locaHty,  collected  by  Vinal  N.  Edwards  in  the 
autumn  and  winter,  are  typical  northern  species,  such  as  the  cod, 
haddock,  and  halibut.  There  are  also  included  in  this  list  a  few 
southern  forms  which  occasionally  wander  as  far  north  as  the  New 
England  coast. 

The  fauna  of  Beaufort,  North  Carolina,  while  characteristically 
that  of  the  warm  temperate  zone,  includes  a  few  species  of  fish  which 
occur  also  at  Woods  Hole. 

Bermuda,  on  account  of  its  situation  far  out  at  sea,  its  equable 
climate,  and  the  large  number  of  coral-reef  fishes,  possesses  some 
features  of  spécial  interest. 

The  Dry  Tortugas,  situated  near  the  tropic  of  Cancer,  are  virtu- 
ally  in  the  Gulf  Stream  and  are  surrounded  by  coral  reefs.  Although 
far  to  the  south  of  the  Bermudas  they  furnish  many  points  of  resem- 
blance  to  those  islands,  many  of  the  species  of  fish  being  identical  in 
the  two  localities. 

The  Entozoa  of  fishes  of  the  four  localities,  named  above,  hâve 
been  tabulated,  but  the  détails  are  too  voluminous  to  be  brought 
within  the  compass  of  this  paper,  which  can  consider  only  broad 
similarities  and  différences,  and  illustrate  them  by  but  a  few  typical 
examples. 

Characteristics  of  THE  Helminth  Fauna  of  the  Several 

Localities 

1.  Acanthocephala.  —  In  the  Woods  Hole  région  14  species  of 
the  genus  Echinorhynchus  were  found  in  48  species  of  fish,  or  in 
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40  per  cent  of  the  specics  of  fish  examined  for  entozoa.  In  many 
cases  thèse  parasites  werc  found  in  large  numbers,  especially  in  the 
flat-fish,  cod,  haddock,  and  hahbut.  In  thèse  fish  they  are  of  fréquent 
occurrence  and  numerous.  The  genus  Echinorhynchus  was  found 
in  nearly  ail  the  species  of  the  Pleuronectidœ  examined.  It  was  most 
fréquent  and  most  abundant  in  the  flat-fish  and  halibut.  One  species, 
E.  acus,  is  by  far  the  most  abundant  of  the  Acanthocephala  in  the 
fishes  of  the  Woods  Hole  région,  having  been  found  in  33  of  the 
species  examined.  It  appears  to  be  a  distinctly  northern  species,  oc- 
curring  most  frequently  and  in  greatest  abundance  in  the  cod,  had- 
dock, and  halibut,  less  frequently,  and  in  much  diminished  numbers, 
in  fishes  of  less  decided  northern  range,  while  in  fishes  which  hâve 
a  more  southern  range  in  gênerai  than  Woods  Hole,  e.  g.,  Lobotes, 
Tylosurus,  and  Caranx,  it  was  not  found,  its  place  apparently  being 
taken  by  the  species  which  I  hâve  recorded  under  the  name  E.  pristis. 

At  Beaufort  five  species  of  the  genus  Echinorhynchus  were  found 
in  19  of  the  species  of  fish  examined,  that  is  in  30  per  cent  of  the  whole 
number  of  species  of  fish  examined.  Of  thèse  the  species  E.  pristis 
was  found  in  11,  thus  taking  the  place  in  the  Beaufort  région  which 
is  held  by  E.  acus  in  the  Woods  Hole  région.  The  only  fact  that  thus 
far  stands  in  the  way  of  the  generalization  that  pristis  is  a  southern 
form  is  the  finding  of  a  single  spécimen  in  Lophius  at  Woods  Hole, 
The  other  finds  of  pristis  at  that  place  were  in  fish  for  which  it  is  about 
the  northern  limit  of  their  range.  It  may  be  remarked,  in  référence 
to  this  fact,  that  Lophius  is  a  fish-eater,  and  succeeds  in  catching 
some  very  active  fish.  It  is  quite  possible,  therefore,  that  the  single 
spécimen,  and  that  a  mutilated  one,  which  was  found  in  the  alimen- 
tary  canal  of  a  goose-fish,  had  been  introduced  with  the  food,  which 
could  easily  hâve  been  a  fish  of  southern  range.  Another  species 
which  was  found  in  both  localities  is  E.  proteus,  which  was  found  in 
6  of  the  Woods  Hole,  and  in  1  of  the  Beaufort  fishes.  It  is  a  point  of 
some  interest  that  a  species  which  had  been  found  in  an  im- 
mature stage,  encapsuled  on  the  viscera  of  a  number  of  Woods  Hole 
fishes,  was  found  adult  in  the  intestine  of  Rachycentron  canadus  at 
Beaufort. 

In  ail  cases  Echinorhynchi  were  found  in  small  numbers  in  Beau- 
fort  fishes.  This  is  in  contrast  with  the  manner  of  their  occurrence 
in  fishes  of  distinctively  northern  range. 

Of  the  52  species  of  Bermuda  fish  examined,  the  genus  Echino- 
rhynchus was  found  in  1 1 ,  or  20  per  cent.  Thèse  belong  to  one  species, 
near  E.  pristis,  to  which  I  hâve  given  the  name  E.  médius.  Only  a 
very  few  of  thèse  were  found  in  any  Bermuda  fish  and  on  but  few 
occasions. 

Echinorhynchi  were  found  in  4  of  the  37  species  of  Tortugas  fish, 
or  in  11  per  cent.  There  is  but  one  species,  E.  pristis,  or  near  it.  Only 
11  spécimens  were  found,  8  of  which  came  from  one  fish. 
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Table  showing  Distribution  of  Acanthôcephala 
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which 

Echino- 

rhynchi 

Per  cent 

species  of 

Locality. 

species  of 
fish  ex- 

of 
affected 

Echino- 
rhynchi  to 

Remarks. 

amined. 

species. 

species  of 

were 

affected 

found. 

fish. 

Woods  Hole 

121 

48 

40 

1.50 

Of  fréquent  occur- 
rence, often  very 
abundant,     espe- 
cially  in  fishes  of 
northern  range. 

Beaufort     . 

64 

19 

30 

1.37 

Infrequent  and  few. 

Bermuda    . 

52 

11 

20 

1 

I<                 Il            n 

Tortugas     . 

37 

4 

11 

1 

«            Il        II 

Of  course  a  more  extended  examination,  both  of  species  and  of 
individuals,  may  alter  the  above  figures  materially.  It  is  not  likely, 
however,  that  the  gênerai  conclusion  which  follows  from  the  data 
already  accumulated  would  be  affected.  That  is,  the  Acanthôcephala 
are  more  abundant,  certainly  in  individuals,  and  probably  in  species, 
in  the  fishes  of  northern  waters  than  they  are  in  those  of  southern 
waters. 

Echinorhynchi,  while  recorded  in  a  few  cases  from  selachians, 
are  probably  introduced  with  the  food,  and  resist  for  a  longer  or 
shorter  time  the  digestive  juices  of  the  casual  host. 

2.  Nematoda.  —  In  the  Woods  Hole  list  97,  or  80  per  cent,  of  the 
species  examined  harbored  nematode  Entozoa.  Of  thèse,  17  were  as- 
signed  to  species.  The  greater  part  of  the  unidentified  finds  were 
immature  ascarids,  usually  encysted  or  encapsuled  on  the  viscera. 
In  many  cases,  notably  the  butterfish,  cod,  goose-fish,  and  whiting, 
thèse  encapsuled  worms  occur  in  large  numbers.  Adults  were  found 
to  be  of  fréquent  occurrence  and  often  numerous  in  many  species,  as 
the  cod,  haddock,  hake,  halibut,  sword-fish,  toad-fish,  etc. 

Among  the  64  Beaufort  species  examined,  nematodes  were  found 
in  46,  or  72  per  cent.  In  by  far  the  greater  number  of  cases  thèse 
finds  were  represented  by  few  examples.  The  only  species  in  which 
adult  nematodes  were  found  at  ail  frequendy  was  in  the  bonnet-head 
shark  and  toad-fish.  Immature,  encapsuled  forms  were  found  in 
considérable  numbers  only  in  the  gray  trout,  spotted  trout,  and  blue- 
fish. 

In  the  Bermuda  list  of  52  species  nematodes  were  found  in  18, 
or  35  per  cent.    There  were  few  in  nearly  ail  cases,  the  only  exception 
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being  the  hound  fish  (Tylosurus  acus),  the  flesh  of  which  was 
infestée!  with  a  number  of  worms  referred  to  the  species  Iclithyonema 
globiceps. 

Nineteen  out  of  35  Tortugas  species,  or  54  per  cent,  harbored 
nematodes.  Thèse  were  invariably  few  in  number,  in  many  cases 
only  1  spécimen  being  found.  The  grcatest  number  recorded  for 
any  one  species  is  30,  the  aggregate  coUected  from  4  spécimens  of 
the  nurse  shark,  and  representing  two  species.  Thus,  although  the 
percentage  of  species  harboring  nematodes  is  higher  than  is  the  case 
with  the  Bermuda  fishes,  the  degree  of  parasitism  is  really  less.  In- 
deed,  as  for  the  Acanthocephahi,  so  for  the  Nematoda,  thèse  investi- 
gations show  a  descending  scale  of  parasitism,  especially  as  to  the 
number  of  individuals,  in  proceeding  from  north  to  south.  Of  course 
the  examination  of  a  larger  number  of  species  and  of  individuals  may 
resuit  in  material  change  in  the  figures;  at  the  same  time,  enough 
examinations  in  the  several  localities  hâve  been  made  to  warrant  the 
recording  of  this  varying  distribution. 

Table  showing  Distribution  of  Nematoda 
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found. 

affected 
fish. 

Woods  Hole 

121 

97 

80 

1.55 

Very  numerous 
both  adult  and 
immature  in  a 
considérable  num- 
ber of  species  and 
individuals. 

Beaufort     . 

64 

46 

72 

1.52 

Many  in  a  few 
species  and  in- 
dividuals only, 
few  in  most  cases. 

Bermuda    . 

52 

18 

35 

1.44 

Many  found  in  only 
one  species,  few 
in  other  cases. 

Tortugas     . 

37 

19 

51 

1.52 

Few  in  ail  cases, 
very  few  in  most 
of  them. 

Unlike  the  Acanthocephala,  the  Nematoda  are  found  in  most  of 
the  species  of  selachians  examined,  although  occurring  in  any  con- 
sidérable numbers  or  frequency  in  only  one  species,  the  bonnet-head 
shark  (Sphyrna  tiburo).  The  nematodes  of  selachians  are,  as  a  rule, 
mature,  and  situated  in  the  stomach,  where  they  are  very  commonly 
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found  adhering  to  the  mucous  membrane,  or  even  coiled  in  nests  be- 
tween  the  mucosa  and  submucosa.  In  the  latter  case  their  place  of 
lodgment  communicates  by  an  aperture  in  the  mucosa  with  the  lumen 
of  the  stomach. 

3.  Cestoda.  — •  Adult  cestodes,  representing  many  gênera  and 
species,  were  found  in  the  stomach  or  intestine,  usually  the  latter,  in 
ail  the  selachians  examined  except  the  thrasher  shark.  Two  spéci- 
mens of  this  shark  were  examined,  but  no  Entozoa  were  found  in  them. 
A  few  only  of  the  marine  teliosts  harl^or  adult  cestodes,  and  thèse,  with 
probably  not  more  than  two  exceptions,  belong  to  the  Dibothridse. 
On  the  other  hand,  larval  forms  are  quite  widely  distributed  among  the 
teliosts.  In  most  cases  they  are  encysted  on  the  viscera  or  in  the  walls 
of  the  stomach  and  intestine.  Favorite  positions  for  the  latter  are 
under  the  serons  coat  and  in  the  sul)mucosa.  The  connective  tissue 
cyst  contains  a  plerocercus  in  which  the  larval  cestode  develops. 
Thèse  cysts  occur  in  the  muscular  tissue  of  but  few  marine  fish.  The 
most  notable  exceptions  are  the  butter-fish,  which  harbors  large  num- 
bers  of  small  cysts  in  the  muscles,  and  the  gar,  whose  flesh  was  found 
to  be  infested  with  cestode  larvse  belonging  to  the  same  genus  as  those 
which  infest  the  butter-fish. 

Table  showing  Distribution  of  Cestoda 


No.  of 

Av.  no.  of 

No.  of 

species  in 

Per  cent 

species  of 

Locality. 

species  of 
fish  ex- 

which 
cestoda 

of 
affected 

cestoda  to 
species  of 

Remarks. 

amined. 

were 
found. 

species. 

affected 
fish. 

Woods  Hole 

121 

100 

82 

3.78 

Mature  stage  fré- 
quent and  abun- 
dant  in  alimentary 
canals  of  selach- 
ians, and  of  a 
few  teliosts  ;  larval 
and  encysted 
forms  fréquent  in 
teliosts,  usually 
on  the  viscera, 
rarely  in  the  fiesh. 

Beaufort     . 

64 

49 

76 

3.75 

Only  différences  in 
détails  between 
Beaufort  and 
Woods  Hole. 

Bermuda    . 

52 

17 

33 

1.41 

Strictly  coral-reef 
fish  es  with  few  en- 
cysted and  larvae 
cestodes. 

Tortugas     . 

37 

24 

65 

2.25 

Conditions  much 
like  those  of  Ber- 
muda. 
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Beside  the  encysted  forms,  larval  cestodes  helonging  to  the  Tetra- 
bothriidae  are  found  in  the  alimeiitary  canals  of  a  large  nurnber  of 
teliosts,  and  in  die  cystic  ducts  of  a  few,  e.  g.,  squeteague  and  flounder. 
Thèse  forms  are  generally  recorded  U)i<1(M'  the  name  Scolcx  poly- 
morphu.s,  ahhougli  they  represent  more  tlian  one  speeies.  Their  ex- 
aet  history  has  not  heen  worked  ont.  They  seem  to  represent  hirvœ 
which  hâve  escaped  from  cysts,  prohably  in  some  invertebrate  host 
or  hosts,  and  are  able  to  exist  for  some  time  in  the  ahmentary  canal 
of  fishes  which  are  not  their  true  final  hosts.  In  this  way  they  may 
often  actually  live  in  a  séries  of  intermediate  hosts  l)efore  their  hnal 
lodgment  in  the  spiral  valve  of  a  shark  or  ray,  in  which  liost  they  can 
develop  sexually  mature  proglottides. 

Characteristics  of  the  four  localities  are  difficult  to  express  briefly. 
Différences  between  Woods  Hole  and  Beaufort  pertain  mainly  to 
such  cases  as  that  of  the  toad-fish,  which  is  found  in  both  localities, 
but  which  habitually  harbors  an  encysted  stage  of  a  cestode  at  Beau- 
fort  which  has  not  been  found  at  Woods  Hole. 

There  is  a  greater  contrast  between  the  cestode  fauna  of  the 
coral  reef  fishes  and  those  from  the  deeper  waters  near  by,  particu- 
larly  in  Bermuda,  than  there  is  between  the  latter  and  those  found  in 
northern  waters.  The  explanation  of  this  seems  to  be  that  fishes 
which  live  habitually  in  the  shallow  water  of  the  reefs  hâve  less 
chance  to  become  infected  than  fishes  which  live  beyond  the  outer 
reef  where  sharks  abound.  The  low  percentage  of  fish  infected  by 
cestode  parasites  in  the  Bermuda  fishes  can  thus  be  accounted  for, 
A  large  proportion  of  the  fîsh  examined  in  Bermuda  came  from  the 
inner  reefs,  where  sharks  are  not  common.  The  larval  form,  Scolex 
poli/morphus,  found  in  33  per  cent  of  the  Woods  Hole  fishes,  and  in 
50  per  cent  of  the  Beaufort  fishes,  was  found  in  only  17  per  cent  of 
the  Tortugas  fishes,  and  in  but  6  per  cent  of  the  Bermuda  fishes. 

4.  Trematoda.  —  The  différences  presented  by  this  order  in  the 
four  localities  are  less  striking  than  those  of  the  other  orders.  The 
examination  of  a  consideraljle  numl)er  of  représentatives  of  any 
speeies  of  fish  is  necessary  before  a  correct  idea  of  the  helminth 
faima  which  it  harbors  can  be  gained.  This  applies  more  strongly, 
perhaps,  to  the  trematodes  than  to  the  other  orders.  There  is  reason 
to  believe  that  the  number  of  speeies  of  trematodes  is  greater  in  the 
Southern  localities  than  it  is  in  the  northern,  although  the  tabulated 
results  given  below  do  not  appear  to  show  it.  Averages  of  the  Ber- 
muda collection  are  unsatisfactory  on  account  of  the  small  number 
of  individuals  of  the  several  speeies  of  fish  which  it  was  possible  to 
examine.  Since,  however,  there  are  many  speeies  of  fish  in  the  Ber- 
muda list  of  which  very  few,  or  only  one  example  was  available,  it  is 
probable  that  the  comparative  results  would  not  be  greatly  altered 
by  the  examination  of  proportionally  larger  numbers  of  individuals 
of  the  several  speeies. 
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Table  showing  Distribution  of  Trematoda 


No.  of 

Average 

No.  of 

species  m 

Per  cent 

no.  of 
species  of 
trematoda 

Locality. 

species  of 
fish  ex- 

which 
trema- 

of 
afîected 

Remarks. 

amined. 

toda 

were 

found. 

species. 

to  species 

of  affected 

fish. 

Woods  Hole 

121 

70 

57 

2.31 

Numerous  in  two 
species  of  fish. 

Beaufort 

64 

42 

65 

3.76 

Numerous  in  nine 
species  of  fish. 

Bermuda    . 

52 

29 

56 

1.51 

Many  in  one  spe- 
cies of  fish. 

Tortugas     . 

37 

27 

73 

3.26 

Many  in  three  spe- 
cies of  fish. 

Entozoa  in  Fish  of  Wide  Range 

In  order  to  keep  this  paper  within  prescribed  bounds  the  dis- 
cussion which  follows  will  be  confined  mainly  to  the  cestodes. 

The  toad-fish  {Opsanus  tau)  may  be  taken  to  represent  a  non- 
migratory  fish  of  extensive  range  as  a  species,  but  of  much  less  indi- 
vidual  range. 

Entozoa  kecorded  from  the  Toad-Fish 


Woods  Hole 


Echinorhynchus   acus  * 1 

Echinorhynchus  agilis  '      ....  1 

Echinorhynchus  fusiformis  '      .    .  1 

Ascaris  habena 45 

Rhynchobothrium    tumidulum 

(cysts) 3 

Distomum  tenue 4 

Distomum  sp 2 

Monostomum  vinaledwardsii  ...  7 

Scolex  polyniorphus 1 

Distomum  tornatum 1 

Distomum,  valdeinflatum     ....  2 


Beaufort 
Dates  Dates 

Ascaris  habena 33 

Scolex  polymorphus 24 

Rhinebothrium  sp.  (cysts)      ...  34 
Rhynchobothrium   tumidulum 

(cysts)      3 


1 
3 
6 
15 
3 


Otobothrium  crenacolle  (cysts)  . 
Tetrarhynchu^s  bisulcatus  (cysts) 
Distomum  vitellosum  .... 
Distomum  valdeinflatum    .    .    . 

Distomum  aduncum 

Distomum  sp 

Distomum  sp 

Distomum  sp 

Gasterostomum  gracilescens  .  . 
Monostomum  vinaledwardsii     . 

An  examination  of  thèse  lists  shows  that  a  characteristîc  parasite 
of  the  toad-fish,  in  each  of  thèse  widely  separated  locaHties,  is  the 
nematode  Ascaris  habena,  and  another  is  the  trematode  Monostomum 
vinaledwardsii;  the  former  being  relatively  more  abundant  in  the 
northern  locality,  and  the  latter  of  more  fréquent  occurrence  at  the 


*Probably  introduced  with  the  food. 
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Southern  station.  This  species  of  ]\Ionostonmni  is  widely  distributed, 
having  been  found  at  Bermuda  in  Ncomœiiu.s  synagris  and  Ocyurus 
chri/surus,  and  in  the  latter  host  at  Tortugas.  The  encysted  cestode, 
Rhinchothrium  sp.,  is  very  abundant  and  of  fréquent  occurrence  in 
the  toad-fish  of  Beaufort,  where  it  oceurs  in  clusters  on  the  viscera, 
which  contain  so  many  larvœ  that  reprotkietion  of  plerocerci  by  bud- 
ding  is  suggested  but  has  not  been  proved.  This  parasite  has  not 
been  found  in  the  encysted  stage  in  any  fish  of  the  Woods  Mole  région. 
The  larval  forms,  called  for  convenience  Scolcx  pohpuorphus,  are 
recorded  on  only  one  date  in  the  northern  locahty,  while  they  were 
found  on  twenty-four  dates  in  the  southern  locahty.  This  is  not  sig- 
nificant,  however,  as  a  majority  of  the  examinations  were  made  in 
the  autumn  and  early  spring  by  Vinal  N.  Edwards,  who  did  not 
always  note  minute  forms.  It  is  certain,  however,  if  such  an  obvions 
parasite  as  the  Rhinebothrium,  found  in  the  Beaufort  toad-fish,  had 
occurred  in  any  of  the  toad-fish  examined  by  him,  he  would  hâve 
noted  and  collected  them. 

The  tiger  shark  (Galeocerdo  tigrinus)  furnishes  a  good  example 
of  a  fish  of  wide  individual  range.  Eight  spécimens  of  this  shark 
hâve  been  examined  by  me  at  Woods  Hole,  and  one  at  the  Dry 
Tortugas. 

Entozoa  recorded  from  the  Tiger  Shark 

Woods  Hole  Tortugas 

Dates 

2  Thysanocephalum  crispum,  numerous 
6         Rhynchobothriiim  sp.,  few 

3  Rhynchohothrium  sp.,  few 


Ascaris  brevicapitata,  few   .    .    . 
Acanthocheilus  nidifex,  few     .    . 
Orygmatobothrium  paulum,  few 
Thysanocephalum     crispum,      n 

mérous 

Monorygma  sp.,  few 

Tetrarhynchus  bicolor,  few  .  . 
Crossobothriwn  angustum,  few  . 
Synbothrium  filicolle  (cyst),  few 


The  remarkable  cestode,  Thysanocephalum,  was  found  in  each 
tiger  shark  examined.  In  each  instance  the  spiral  valve  contained 
large  numbers  of  adults,  and  free,  ripe  proglottides,  and  also  large 
numbers  of  intermediate  and  small  forms.  Furthermore  it  has  not 
been  found  in  any  other  host. 

It  is  to  be  noted  also  that  the  other  species  on  the  list  occur  in 
relatively  small  numbers. 

It  may  be  a  matter  of  interest  to  some  that  the  Tortugas  shark, 
called  by  me  a  tiger  shark  {Fifîh  Ycar  Book  of  the  Carnegie  Institu- 
tion of  Washington,  p.  116),  was  identified  by  means  of  its  parasites. 
The  shark  was  captured  on  June  2,  1906,  but  was  not  familiar  to  any 
one  then  in  the  laboratory.  The  spiral  valve  was  placed  in  formalin. 
Upon  my  arrivai  at  the  laboratory,  June  28,  I  examined  the  spiral 
valve  and  found  it  to  be  of  the  same  type  as  that  of  the  tiger  shark. 
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This,  however,  would  not  exclude  the  cub  sharks,  also  found  in  the 
Tortugas  waters.  The  peculiar  parasite,  T.  crispum,  was  found  in 
large  numbers  and  was  represented  by  large,  médium,  and  small 
individuals.  The  stomach  contents,  consisting  of  two  tin  eans,  one 
bottle,  one  large  shark-hook  with  swivel,  and  numerous  fragments 
of  Palinurus,  also  pointed  to  the  tiger  shark.  The  jaws  had  been 
preserved,  but  had  been  sent  to  Harvard  University.  I  hâve  lately 
received  a  communication  from  Professor  Samuel  Garman  in  which 
he  says  that  the  jaws  are  those  of  Galeocerdo  ticjrinus. 

It  is  évident  that  the  tiger  shark  finds  the  intermediate  host,  or 
hosts,  of  T.  crispum  throughout  the  year  and  over  a  large  range.  I 
hâve  found  a  larval  form  in  the  squid,  which  belongs  to  the  genus 
Thysanocephalum,  but  it  is  not  certain  that  it  belongs  to  this  species. 

Distribution  of  Cestode  Species  in  Specific  Hosts 

As  a  rule  the  adult  stage  of  a  given  species  of  cestode  is  found  in 
only  a  few  closely  related  species,  in  some  cases,  apparently,  in  only 
one  species. 

The  following  examples,  so  far  as  at  présent  known,  are  confined 
to  a  single  host. 

Parasite.  Host. 

Calyptrobothrium  occidentale     ....  Tetranarche  occidentalis. 

Calyptrohothrium  minus Tetranarche  occidentalis. 

Crossohothrium  laciniatum Carcharis  littoralis. 

Calliobothrium  eschrichtii Mustelus  canis. 

Calliobothrium  verticillatum Mustelus  canis. 

Rhynchobothrium  bulbifer Mustelus  canis. 

Thysanocepfialum  crispum Galeocerdo  tigrinus. 

This  list  could  be  extended  by  including  examples  taken  from 
hosts  of  which  only  one,  or  a  very  few,  individuals  were  examined. 
The  above  cases  are  based  on  a  sufïicient  number  of  examinations  to 
make  them  of  some  significance. 

On  the  other  hand,  there  are  a  few  cestodes  which  are  found  in 
the  adult  stage  in  more  than  one  host,  e.  g.,  Rhynchobothrium  impari- 
spine  seems  to  find  a  congenial  habitat  in  any  of  the  northern  rays, 
and  apparently  in  the  spiny  dog-fish. 

Conversely,  it  may  be  stated  as  a  rule  that  the  encysted  stage  of  a 
given  species  of  cestode  infests  more  than  one,  often  many,  specific 
hosts.  Thus  Rhynchobothrium  imparispine  has  been  found  encysted 
in  24  species  of  fish  in  the  Woods  Hole  région;  R.  speciosum,  in  23 
species  of  fish  at  Woods  Hole,  in  3  at  Beaufort,  in  5  at  Bermuda,  and 
in  5  at  Tortugas;  Tetrarhynchus  bisulcatus,  in  18  species  of  fish  at 
Woods  Hole,  in  22  at  Beaufort,  and  in  2  at  Bermuda. 

The  most  noteworthy  example  of  wide  distribution  is  that  of 
Otobothrium  crenacolle.    This  species  was  first  described  from  adult 
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spécimens  found  in  the  spiral  valve  of  the  hammer-head  shark 
{Sphyriia  zygœna),  at  Woods  Hole.  The  adult  lias  since  bcen  found 
in  the  sharp-nosed  shark  (Scoliodon  icrrœ-uovœ),  at  Beaufort,  and  in 
the  cul)  shark  {(Utrclutrhiuus  phiti/odon),  at  Tortu<i;as.  The  encvsted 
stage  lias  been  found  in  3  Bernnida  fishes,  in  *)  Woods  Ilole  fishes, 
and  in  13  Beaufort  fishes.  In  ail  thèse,  with  one  exception,  the  cysts 
occur  on  the  viscera  or  in  the  walls  of  the  stomach  and  intestine. 
The  exception  is  the  hutter-fish  {Poronotus  triacmdhus) ,  in  the  ma- 
jority  of  the  larder  individuals  of  which  the  cysts  occur  in  the  flesh, 
often  in  vast  numbers. 


Entozoa  of  closely  related  Species 

The  Entozoa  of  closely  related  hosts  are  usually  niucli  alike,  even 
wlien  the  several  hosts  hâve  a  dissiniilar  geographical  range. 

This  niay  be  illustrated  by  comparing  lists  of  Entozoa  recorded 
froni  the  northern  and  the  southern  sting  rays. 


Entozoa  from  Dasyatis  centrura, 
Woods  Hole 

Dates 

Immature  ascarids  ' 3 

Anthobothrium  pulvinatum     ...  12 

Paratœnia  medusia 12 

Spongiobothrium  variabile  ....  10 

Rliincbothrium  flexile 4 

Rliincbothrium.  cancellatum     ...        1 

Phyllobothriumfoliatiim      ....  16 

Anthocephalum  gracile 4 

Lecanicephalum  peltatum    ....  6 

Orijgmatobothrium  cremdatum  .  .  2 
Acatithobothrium  paidum    ....        7 

Onchobothrium  uncinatum  ....  2 

RJnjnchobothrium  hispidum  ...  9 
Rhynchobothrium  tenuispine  ...        8 

Rluinchobothrium  longispine  ...  2 
Rhijnchobothrium  ivagneri  ....  1 
Rhynchobothrium  imparispine    .    .        1 

Rhynchobothrium  sp 1 

Tetrabothrium  tennis    ......        3 

Tctrarhynchus  robnstus    .....  4 

Synbothrium  filicolle 2 

Cysts 18 


Entozo.\  from  Dasyatis  say, 
Beaufort 

Dates 


Echinorhynchus  pristus  '  . 
Echeneïbothrium  sp.  .  .  . 
A nthoJintItrium  pulvinatum 
Rhinebofh rium  flexile  .    .    . 

Rhineb(jthrium  sp 

Spongiobothrium  variabile 
Paratœnia  medusia     .    .    . 
Phyllobothrium  foliatum 
Anthocephalum  gracile   .    . 
Lecanicephalum  peltatum  . 
0 n choboth ri u m  u n ci n atum 
Acanthobnthrinm  paulum  . 
Rh  y  n  choboth  ri  u  m  h  ispid  u  m 
Rliyncliobothrium  tenuispine 
RhjnchdboiJirium  tumidulum 
Rhynchobothrium.  sp.      .    .    . 

Cysts 

Distomum  vitellosum  '    .    .    . 


1 
1 
10 
1 
5 
2 
4 
3 
4 
3 


Entozoa  from  one  Sting  Ray,  Tortugas 


Spongioboth  rium  variabile 
Rhinebothrium  flexile 
Rhinebothrium.  sp. 
Anthobothrium  gracile 
Phyllobothrium  foliatum 


Acanthobothrium  brevissime  - 
Rhynchobothrium  binuncum  '■ 
Rhynchobothrium  sp.  - 
Synbothrium  filicolle 


'  Probably  introduced  with  the  food. 

^  Described  in  Publication  Carnegie  Institution  102,  1908. 
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Rhinebothrium  sp.  from  the  Tortugas  ray  is  the  same  species  as 
Rhiueboihrium  sp.  from  the  Beaiifort  rays. 

The  two  species  of  Rhynchobothrium  from  the  Tortugas  spéci- 
men are  new. 

The  spécimens  of  Onchobothrium  uncinatum  in  the  Woods  Hole 
list  were  described  from  spécimens  sent  to  me  from  the  United  States 
National  Muséum,  and  may  hâve  come  from  the  southern  ray. 

Tliere  are  11  species  of  cestodes  common  to  the  northern  sting 
ray  (Dasyatis  centrurci)  of  the  Woods  Hole  région,  and  the  southern 
sting  ray  {Dasyatis  say)  of  Beaufort.  In  the  single  sting  ray  (Dasy- 
atis say)  examined  at  Tortugas,  9  species  of  cestode  were  found.  Of 
thèse  5  are  found  on  the  Woods  Hole  list  and  5  on  the  Beaufort  list. 
The  3  species  not  found  eitlier  on  the  Woods  Hole  or  the  Beaufort 
list  are  new  to  science. 


Principles  of  Distribution 

The  wide  distribution  of  the  encysted  stage  of  a  species  as  com- 
pared  with  the  distribution  of  the  adult  stage,  is  made  possible,  first, 
by  the  dissémination  of  free  segments  and  ova,  and  second,  by  the 
comparative  uniformity  of  conditions  to  which  larval  and  encysted 
forms  are  subjected,  especially  after  they  hâve  come  to  rest  in  the 
tissues  of  their  intermediate  hosts.  If  a  cestode  could  develop  in 
but  one  intermediate  host,  its  chances  of  continued  existence  as  a 
species  would  be  much  less  than  they  would  be  if  it  found  kindly 
toleration  in  the  tissues  of  several  hosts,  as  no  selachian  dépends  on 
one  species  for  its  food. 

The  restriction  of  the  adult  stages  to  a  few  closely  related  species 
has  a  probable  explanation  in  the  physiology  of  the  digestive  processes 
rather  than  in  the  food  habits  of  the  hosts.  Thus  the  food  of  the  dusky 
shark  and  that  of  the  sand  shark  is  much  alike,  while  their  entozoa 
are  very  différent. 

Différences  shown  by  a  comparison  of  the  Entozoa  of  the  same 
species  of  fish  in  différent  localities  are  probably  due  to  the  limits  in 
geographical  distribution  of  intermediate  hosts. 

It  is  harder  to  explain  such  cases  as  the  restriction  of  such  forms 
as  Crossobothrium  laciniatum  to  the  sand  shark,  and  of  Thysano- 
ccphalum  crispum  to  the  tiger  shark,  or  the  genus  Calyptrobothrium 
to  the  torpédo,  although  hère  again  the  explanation  is  to  be  expected 
rather  in  an  understanding  of  their  adaptation  to  certain  digestive 
processes  than  in  an  acquaintance  with  their  life  history. 

Why  the  selachians  should  harbor  such  a  great  variety  of  adult 
cestode  forms  and  the  teliosts  so  few  is  also  an  interesting  subject 
for  inquiry. 


THE    CUBAN   BLIND    FISHES' 
CARL  H.  EIGENMANN 

Under  the  ecology  of  the  Cuban  blind  fishes  I  mean  to  include 
their  origin,  the  nature  of  their  habitat  and  their  adaptation  to  it. 

There  are  two  species  of  fresh-water  blind  fishes  in  Cuba,  —  Luci- 
fuga  suhterraneus  and  Stygicola  deyitatus.  They  belong  to  the  marine 
family  of  Brotuhdœ,  and  are  the  only  fresh-water  members  of  that 
family.  Stygicola  has  been  taken  from  Matanzas  and  Alacranes  on 
the  east,  to  Canas  on  the  west,  on  both  slopes  of  Cuba.  Lucifuga 
has  been  taken  only  west  of  Havana,  on  the  southern  slopes. 

The  région  in  which  they  occur  is  almost  entirely  drained  by 
streams  that  first  run  above  ground,  then  enter  the  ground  and  re- 
appear  near  the  coast  line.  In  the  area  in  which  they  hâve  been 
taken  the  soil  is  extremely  thin,  in  places  confined  to  pockets  in  the 
underlying  coral  reef.  The  subterranean  streams  run  near  the  sur- 
face and  usually  cannot  be  approached,  but  over  the  area  are  numer- 
ous  so-called  caves,  which  vary  from  small'  cracks  to  large  cistern 
or  jug  shaped  cavities.  Thèse  contain  ground  water,  and  in  them  the 
fishes  are  found. 

The  water  in  thèse  caves  has  risen,  for  stalagmites  rise  out  of  the 
water  in  practically  ail  of  them.  Water  fills  the  channels  Connecting 
thèse  caves. 

Some  of  the  caves  are  well  lighted;  others  are  dark,  and  others 
are  partially  lighted.  The  water  in  them  is  warm,  70°  Fahrenheit, 
very  transparent,  and  supersaturated  with  lime  so  that  a  crust  usually 
forms  over  the  surface  of  the  water  where  it  is  undisturbed  by  man. 
The  fluctuation  in  the  water  is  but  slight  under  ordinary  changes  of 
season  and  weather. 

Thé  biological  environment  is  simple:  frogs  may  come  into  the 
opener  caves  to  spawn,  dragon  Aies  may  lay  their  eggs  in  the  more 
open  caves,  a  crab  is  not  infrequent.  The  most  constant  associâtes 
are  a  blind  shrimp,  a  blind  isopod  and  possibly  a  blind  amphipod. 
In  a  few  of  the  opener  caves  a  Pœciliid  is  also  found.  A  parasitic  flat 
worm  is  the  only  enemy  known. 

Rarely  is  the  habitat  so  open  that  green  plants  grow  in  the  water, 
but  a  Ficus  usually  grows  in  the  neighborhood  and  sends  long  roots 
through  the  water,  where  it  breaks  up  into  innumerable  rootlets, 
among  which  young  fishes  are  frequently  found. 

*  For  a  full  account  see  Publications  of  the  Carnegie  Institution,  No.  104. 
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In  color  they  differ  from  other  cave  vertebrates,  which  are  usually 
pink.  Some  approach  this  color,  but  others  are  dark  steel  blue,  and 
many  more  are  intermediate  between  the  two  extrêmes.  They  are 
negatively  heliotropic  and  respond  positively  to  food.  Conseqiiently 
there  are  few  or  no  fishes  in  remote  dark  caves  to  which  outside 
material  pénétrâtes  with  difficulty,  and  in  those  "caves"  perfectly 
open  there  are  none  at  ail. 

In  caves  into  which  a  shaft  of  light  enters  along  the  path  by  which 
food  comes  in  the  fishes  are  most  abundant  in  the  twilight  about  the 
entering  shaft  of  light. 

The  fishes  are  very  sensitive  to  cold.  They  are  viviparous.  The 
spermatozoa  are  transferred  to  the  female  weeks  or  months  before 
the  eggs  mature.  The  latter  reach  possibly  1  mm.  in  diameter. 
From  1  to  15  young  hâve  been  found  in  one  ovary.  Lucifuga  breeds 
in  accessible  places,  but  Stygicola  probably  usually  retires  to  remote 
places.  Few  female  Stygicolas  with  young  and  no  young  fishes  hâve 
been  taken.  The  breeding  season  extends  over  long  periods  ;  possi- 
bly breeding  individuals  may  be  found  throughout  the  year. 

The  young  are  about  20  mm.  long  at  birth. 

The  eyes  of  the  young  fishes,  from  12-20  mm.,  are  comparatively 
well-formed  and  movable.  Notable  is  the  large  sciera  in  Lucifuga, 
the  size  of  which  is  self-determining  and  not  dépendent  on  the  struc- 
ture of  the  much  smaller  eye. 

After  birth  the  eyes  rapidly  degenerate,  the  sciera  and  lens  going 
first.  The  degeneration  may  be  introduced  by  disturbances  in  the 
blood  supply.  It  proceeds  in  one  of  two  ways,  —  either  the  eye  as  a 
whole  may  shrink,  or  the  pigmented  layer  may  become  separated 
from  the  rest  of  the  retina  and  greatly  distended.  Opposite  sides 
of  the  same  fish  may  show  the  two  différent  methods.  Pari  passu 
with  the  dwindling  of  the  eye  pigment  masses  appear  in  the  optic 
cavity.    In  extrême  old  âge  ail  semblance  to  an  eye  may  be  lacking. 


GEOGRAPHICAL   VARIATION   IN   BIRDS   WITH 
SPECIAL   REFERENCE   TO   HUMIDITY 

(Abstract) 

C.  WILLIAM  BEEBE 

I  OFFER  the  results  of  thèse  experiments  on  living  birds  as  a  pre- 
liminary  contribution  toward  exact  knowledge  of  the  causes  of  the 
colors  of  birds  as  they  exist  in  nature  and  especially  what  is  known 
as  géographie  variation  —  both  spécifie  and  subspecific.  It  has  long 
been  known  that  mammals,  birds  and  reptiles  inhabiting  moist  and 
humid  régions  show  a  much  darker  or  increased  pigmentation  of  the 
hair,  feathers  or  scales  than  individuals  from  dryer  localities.  Up 
to  the  présent,  data  has  been  lacking  as  to  the  actual  cause  of  this 
différence  or  the  time  necessary  to  produce  it.  A  récent  discussion 
in  "Science"  on  barriers  and  isolation  shows  how  little  we  know  of 
thèse  phenomena. 

My  experiments  hâve  been  carried  out  upon  three  species  of  birds. 
In  the  spring  of  1902  three  young  Wood  Thrushes  (Hylocichla  muste- 
lijia)  were  taken  from  the  nest  and  reared  by  hand.  One  which  was 
kept  outdoors  under  normal  conditions  is  alive  to-day  and  in  per- 
fectly  normal  plumage.  Another  was  kept  in  a  super-humid  atmos- 
phère and  was  accidentally  killed  while  partly  through  its  third  annual 
moult.  It  is  remarkably  changed  in  appearance,  especially  as  to 
the  markings  of  the  feathers  on  the  breast,  where  the  ordinary  cir- 
cular  spots  hâve  increased  in  size  until  in  places  they  hâve  become 
almost  confluent.  There  is  little  variation  among  Wood  Thrushes 
in  a  State  of  nature,  although  the  breast  spots  of  birds  from  south 
Mexico  and  Guatemala  are  so  large  and  numerous  that  Bonaparte 
in  1853  gave  them  the  name  of  densus. 

Passing  without  further  comment  to  another  species  experimented 
upon,  the  White-throated  Sparrow  (Zonotrichia  albicollis),  is  a  bird 
which,  when  wild,  shows  no  geographical  variation.  Two  maie  birds 
of  the  year  were  trapped  in  the  same  cage  from  the  same  flock,  October 
2,  1901,  both  being  in  normal  plumage.  One  was  confined  in  an  out- 
door  flying  cage,  the  other  in  the  super-humid  atmosphère  of  the  ex- 
périmental enclosure.  In  May,  1902,  no  différence  could  be  observed 
between  the  two,  but  in  May,  1903,  a  radical  change  had  taken  place 
in  the  bird  in  the  humid  atmosphère.  The  gênerai  effect  was  much 
as  in  the  yellow  phase  of  the  Lndulated  Grass  Parrakeet  (Melopsit- 
tacus  undulafus),  except  that  in  the  case  of  Zonotrichia  it  was  a  veil 
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of  darkness  which  had  been  drawn  over  the  normal  markings.  In 
October,  1904,  after  the  completion  of  the  annual  moult,  both  birds 
were  chloroformed  and  skinned.  In  the  melanistic  indiyidual  there 
is  a  considérable  increase  of  ail  black  and  rufous  markings,  with  a 
correlated  oblitération  of  buff,  gray,  white  and  yellow.  The  gray  of 
the  breast  remains  almost  unchanged,  but  there  has  appeared  in  this 
région  a  number  of  broad  streaks  of  dark  brown,  almost  black,  which 
at  the  posterior  edge  of  the  gray  area  become  confluent  to  form  a 
large  pectoral  spot.  In  the  living  bird,  thèse  streaks  and  pectoral 
mark  were  much  more  noticeable  than  they  are  in  the  skin.  Thèse 
are  interesting  as  perhaps  being  correlated  with  the  similar  markings 
of  the  immature  first  winter  plumage. 

The  last  species  I  shall  mention  is  the  Inca  Dove  (Scardafella 
inca).  This  genus  ranges  from  Arizona  to  Bahia,  Brazil,  and  is 
divided  into  two  species,  inca  and  ridgwayi,  and  a  subspecific  form 
dialeucos,  based  on  a  single  individual  from  Nicaragua.  Inca  is 
pale  colored  with  indistinct  bars,  and  is  found  from  Arizona  to 
Nicaragua;  ridgwayi,  with  more  distinct  coloring,  darker  bars  and 
clearer  white,  extends  from  Venezuela  to  Brazil.  There  is  thus  a 
considérable  geographical  hiatus  between  the  two.  Detailed  meas- 
urements  of  the  rufous  and  whiie  in  wing  and  tail  feathers,  of  fifty 
spécimens,  show  there  is  a  fairly  uniform  gradation  from  northern  to 
tropical  individuals. 

A  brief  summary  of  the  efîect  of  a  high  degree  of  humidity,  with 
an  average  of  about  eighty-four  degrees,  on  Scardafella  inca,  is  as 
foUows  : 

When  typical  spécimens  of  this  species  are  confined  in  the  super- 
humid  atmosphère,  a  radical  change  in  the  pigmentation  of  the  plum- 
age takes  place  with  each  succeeding  annual  moult. 

A  change,  apparently  similar  in  extent  and  direction,  results  from 
an  artificially  induced  monthly  renewal  of  the  feathers. 

The  change  after  the  first  annual  moult  brings  the  bird  close  to 
the  Scardafella  inca  dialeucos  type. 

At  the  second  annual  moult  the  plumage  usually  approximates 
either  the  Brazilian  type  or  the  typical  S.  ridgwayi,  the  succeeding 
changes  being  unrepresented  by  wild  species  of  the  genus. 

Intrinsically,  the  change  is  at  first  a  ségrégation  and  intensifica- 
tion of  the  melanin,  resulting  in  a  clearing  up  and  extension  of  the 
white  or  whitish  areas. 

A  period  of  equilibrium  later  ensues,  until  the  increase  of  melanin 
is  such  that  it  begins  to  encroach  upon  the  white  areas,  this  continu- 
ing  until  ail  trace  of  white  has  disappeared. 

Coincident  with  this  intense  blackening  of  the  plumage  part  of 
the  epidermis  occurs  an  increase  of  pigment  in  the  choroid  coat  of 
the  eye. 

When  the  concentration  of  the  melanin  has  reached  a  certain 
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stage,  a  change  in  color  occurs,  from  dull  dark  brown  or  black,  to  a 
brilliant  iridescent  bronze  or  green. 

This  iridescence  reaches  its  highest  development  on  the  wing 
coverts  and  inncr  secondaries,  where  in  many  gênera  of  tropical  and 
subtropical  doves  iridescence  most  often  occurs. 

Ail  thèse  chang(\s  take  place  by  continuons  variations,  and  there 
is  no  change  of  color  without  moult. 

Thèse  birds  are  to  ail  intents  and  purposes  good  ontogenetic 
species,  but  whether  thèse  acquired  characters  are  inherited  or  not 
is  a  phase  of  the  experiments  not  yet  reached. 

As  to  the  relation  of  the  effects  of  thèse  experiments  to  taxonomy, 
there  is  of  course  not  the  slightest  reason  for  doing  away  with  the  full 
spécifie  value  of  the  two  types  of  wild  Scardafella,  provided  they 
do  not  actually  intergrade.  ]\Iy  ontogenetic  species  are  of  value  only 
to  evolutionary  science. 

Comparing  my  results  with  Professor  Whitman's  theory  in  regard 
to  the  évolution  of  bars  and  checkers,  they  support  his  orthogenetic 
theory  in  so  far  as  the  recapitulation  follov/s  along  the  same  lines 
(1)  as  in  related  gênera  of  doves,  and  (2)  in  the  identity  of  the  dé- 
tails of  the  change  in  several  individuals.  This  indicates  that  the 
humidity-induced  variation  is  neither  fortuitous  nor  directionless. 
The  results  seem,  however,  to  ofîer  an  exception  to  his  theory  that 
"the  direcdon  of  évolution  can  never  be  reversed." 

The  most  interesting  and  signifîcant  resuit  obtained  is  the  fact 
that  such  radical  changes,  spécifie  and  almost  generic  in  extent,  can 
be  brought  about,  not  during  the  course  of  several  générations,  but 
in  the  lifetime  of  a  single  individual.  When  we  remember  with  this 
the  case  of  Darwin's  Porto  Santo  rabbits,  we  can  readily  imagine 
radical  évolution  taking  place  in  extremely  short  periods  of  time, 
and  yet  by  means  of  continuons  variations. 

The  value  of  a  sudden  acquiring  of  dark  plumage  to  a  wild  species 
of  bird  can  vividly  be  realized,  and  the  possibility  of  such  a  phenom- 
enon  adds  considérable  strength  to  the  theory  of  organic  sélection. 
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Section  VIIL    PALAEOZOOLOGY 


LES    ECHANGES    DE    FAUNES    ENTRE    L'EUROPE    ET 
L'AMÉRIQUE  DU  NORD  AUX  TEMPS  GÉOLOGIQUES 

(Address) 

C.  DEPÉRET 

Depuis  longtemps  déjà,  les  paléontologistes  savent  que,  à  diverses 
époques  des  temps  Primaires,  Secondaires  et  Tertiaires,  des  con- 
nexions continentales  établies  entre  l'Amérique  du  Nord  et  l'Europe, 
sur  l'emplacement  de  l'Atlantique  septentrional,  ont  permis  à  quel- 
ques types  d'animaux  terrestres  d'émigrer  de  l'une  à  l'autre  de  ces 
deux  contrées.  C'est  ainsi  que,  dès  la  fin  de  l'époque  Primaire, 
plusieurs  genres  d'Amphibiens  stégocéphales  se  rencontrent  des  deux 
côtés  de  l'Atlantique.  De  même,  à  l'époque  Secondaire,  quelques 
types  de  Crocodiliens  et  de  Dinosauriens  existent  à  la  fois  dans  les 
deux  Mondes.  Enfin  les  communications  entre  l'Europe  et  l'Amérique 
sont  établies  avec  certitude  à  plusieurs  époques  des  temps  Tertiaires, 
notamment  pendant  l'Éocène  inférieur  et  la  première  moitié  de 
l'Oligocène.  Ces  diverses  migrations  ont  déjà  donné  lieu  à  d'im- 
portants travaux,  parmi  lesquels  ceux  des  paléontologistes  américains, 
Osborn  et  Matthew,  tiennent  une  place  de  tout  premier  ordre. 


Pour  interpréter  ces  faits  avec  plus  de  précision,  il  est  indispensable 
de  jeter  d'abord  un  coup  d'œil  d'ensemble  sur  la  répartition  des  con- 
tinents et  des  mers  à  ces  différentes  époques. 

A  la  fin  du  Primaire,  par  suite  des  importants  phénomènes  de 
plissements  qui  caractérisent  les  époques  Précambrienne,  Silurienne 
et  Carbonifère,  nous  voyons  se  dessiner  nettement  l'existence  de  deux 
masses  continentales  allongées  de  l'Est  à  l'Ouest,  en  sens  inverse  des 
grands  continents  actuels  :  1°  Une  masse  boréale  comprenant  le  Nord 
de  l'Amérique,  le  Groenland,  la  région  de  l'Atlantique  Nord,  les  fies 
Britanniques,  la  Scandinavie,  la  Russie  jusqu'à  l'Oural;  puis,  au 
de  là  d'un  bras  de  mer  ouralien,  une  terre  asiatique,  le  continent 
d'Angara  d'Edouard  Suess. 


704    VII.    INTERNATIONAL    ZOÔLOGICAL    CONGRESS 

2°  Une  masse  australe,  allant  de  l'Australie  à  l'Inde  péninsulaier 
et  à  l'Afrique  du  Sud,  et  prolongée  à  travers  l'Atlantique  jusqu'à 
l'Amérique  méridionale:   c'est  le  grand  continent  de  Gondwana. 

Entre  ces  deux  masses,  se  place  un  vaste  bras  de  mer  allant  de 
l'Amérique  centrale  à  l'Indo-Chine,  par  le  golfe  du  Mexique,  l'At- 
lantique Central  et  la  Méditerranée,  suivant  une  direction  presque 
équatoriale  :  c'est  la  grande  Méditerranée  centrale  de  Neumayi',  la 
Théthys  d'Ed.  Suess,  la  Mésogée  de  quelques  paléogéographes 
modernes. 

Nous  n'aurons  à  nous  occuper  ici  que  du  continent  boréal  et  à 
suivre  ses  vicissitudes  à  travers  l'histoire  de  la  Terre.  La  consolida- 
tion de  ce  continent  a  débuté  de  très  bonne  heure,  dès  avant  l'époque 
Cambrienne,  par  trois  grands  horsts  ou  piliers  solides,  auxquels 
l'illustre  maître  de  l'école  viennoise  a  donné  le  nom  pittoresque  de 
Boucliers:  le  Bouclier  canadien,  le  Bouclier  finno-scandinave,  le 
Bouclier  sino-sibérien.  Les  plissements  des  époques  postcambri- 
ennes  sont  eu  pour  effet  de  souder  ces  trois  îles  primitives  tantôt 
en  une  masse  unique,  tantôt  en  deux  masses.  Dans  ce  dernier  cas, 
l'île  médiane  ou  européenne  se  réunit  à  certains  moments  au  continent 
américain,  mais  plus  fréquemment  encore  au  continent  asiatique. 

Ces  données  générales  permettent  d'aborder  avec  fruit  l'histoire 
des  migrations  d'animaux  terrestres  entre  les  trois  masses  con- 
tinentales du  Nord.  Toutefois  cette  histoire  se  trouvera  encore 
obscure  en  beaucoup  de  points  par  la  lacune  presque  complète  de 
nos  connaissances  paléontologiques  relatives  au  continent  d'Asie.  Il 
n'en  est  pas  heureusement  de  même  entre  l'Europe  et  l'Amérique  du 
Nord. 

II 

Dès  la  fin  des  temps  Primaires,  la  répartition  géographique  de 
quelques  genres  d'Amphibiens  stégocéphales,  habitant  les  lagunes 
marécageuses  du  Houiller  et  du  Permien,  indique  clairement  l'existence 
d'une  grande  terre  de  jonction  entre  l'Ajnérique  et  l'Europe  septen- 
trionales. Parmi  les  formes  salamandroides  de  la  famille  des  Micro- 
sauriens, les  genres  Lepterpeton  et  Keraterpeton  se  rencontrent  à  la 
fois  dans  les  couches  houillères  de  l'Ohio,  de  l'Irlande  et  dans  les 
charbons  à  gaz  du  Permien  inférieur  de  Bohème.  Le  genre  Hylono- 
mus,  du  Houiller  de  la  Nouvelle-Ecosse,  passe  sous  une  forme  à 
peine  modifiée  dans  le  Permien  de  Nyram  en  Bohème.  Un  type 
lacertiforme  de  plus  grande  taille,  le  Dendrerpeton,  a  été  rencontré 
dans  les  charbons  à  gaz  de  Nyram  et  dans  les  troncs  d'arbre  creux 
des  forêts  houillères  de  la  Nouvelle-Ecosse.  Enfin  la  présence  dans 
le  Permien  de  Bohème  et  du  Texas  de  l'étrange  Naosaurus,  Rhyn- 
chocéphalien  d'habitat  terrestre,  atteste  plus  clairement  encore  ces 
migrations.    On  ne  saurait  douter,  par  l'ensemble  de  ces  faits,  de  la 
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facilité  des  relations  géographiques  existant  à  cette  époque  entre  les 
deux  Mondes. 

Les  même  relations  paraissent  avoir  persisté  encore  pendant  le 
Trias,  comme  le  montre  la  découverte  d'un  Crocodilien  primitif  du 
Keuper  de  Souabe,  le  Belodon,  dans  le  Trias  de  la  Caroline  du  Nord 
et  du  Connecticut.  Le  Trias  de  cette  dernière  région  a  encore  fourni, 
selon  Russel,  des  restes  de  deux  Dinosauriens  Théropodes  du  Keuper 
européen,  les  Palœosaurus  et  Thecodontosaurus.  On  peut  ajouter  à 
ces  types  communs  aux  deux  Mondes,  le  genre  Tanystropha^us, 
Dinosaurien  de  la  famille  des  Ca?luridés,  qui  se  retrouve  identique 
dans  le  Muschelkalk  de  Bayreuth  et  dans  le  Trias  du  Nouveau- 
Mexique. 

Mais  à  partir  du  Lias,  un  bras  de  mer  étendu  de  la  Mer  du  Nord 
à  l'Océan  arctique,  entre  la  Scandinavie  et  l'Islande,  sépare  à  nouveau 
l'Amérique  de  l'Europe;  tandis  que,  par  une  sorte  de  balancement 
inverse,  le  continent  finno-scandinave  se  soude  à  l'Asie  par  la  région 
de  l'Oural.  Les  échanges  de  faunes  terrestres  se  trouvent  alors  inter- 
rompues du  fait  de  ces  conditions  paléogéographiques  nouvelles  qui 
paraissent  s'être  assez  peu  modifiées  pendant  la  durée  entière  des 
temps  Secondaires. 

Cependant  un  certain  nombre  de  faits  paléontologiques  plaident 
en  faveur  d'une  reprise  partielle  des  communications  à  certains  mo- 
ments des  époques  Jurassique  et  Crétacée.  Dans  le  groupe  des 
Dinosauriens  carnivores,  le  Megalosaurus,  qui  a  vécu  en  Europe  du 
Bathonien  au  Crétacé,  se  retrouve  sous  une  forme  presque  identique 
dans  l'Alloiaurus  du  Jurassique  supérieur  du  Colorado,  et  le  même 
type  se  poursuit  un  peu  modifié  dans  le  Lœlaps  ou  Dryptosaurus  de 
la  Craie  supérieure  du  New  Jersey  et  du  Montana.  Le  genre  Cœlurus, 
type  des  légers  et  agiles  Cœluridés,  est  représenté  en  Europe  par 
l'Aristosuchus  de  l'île  de  Wight.  Parmi  les  lourds  Sauropodes,  le 
Morosaurus  américain  comprend,  d'après  Marsh,  une  espèce  du 
Wealdien  d'Angleterre  {Morosaurus  becklesi),  et  compte  un  parent 
très  rapproché  dans  l'Ornithopsis  de  l'île  de  Wight.  Dans  les  Sté- 
gosauridés,  à  la  puissante  armure  dermique,  le  genre  Stegosaurus  est 
identique  à  l'Omosaurus  du  kimméridgien  d'Angleterre.  Enfin  il 
n'est  peut-être  pas  jusqu'aux  Dinosauriens  cornus  du  groupe  des 
Cératopsides,  si  brillamment  représenté  dans  le  Crétacé  supérieur  des 
Montagnes-Rocheuses  par  les  étranges  Ceratops  et  Triceratops,  qui 
ne  compte  en  Europe  des  formes  au  moins  affines  dans  le  Struthio- 
saurus  et  le  Nodosaurus  (Hoplosaurus),  du  Crétacé  supérieur  de  Neue 
Welt  près  de  Vienne.  Je  ne  doute  pas  non  plus  que  le  groupe  entier 
des  Ptérosauriens,  qui  débute  de  très  bonne  heure  dès  le  Rhétien  de 
Souabe,  n'ait  émigré  en  Amérique  dans  le  Jurassique  supérieur  du 
Colorado. 

On  peut  conclure  vraisemblablement  de  l'ensemble  des  faits  pré- 
cités, que  des  migrations  ont  du  s'étabfir  entre  l'Europe  et  l'Amérique 
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du  Nord,  à  trois  époques  différentes  du  temps  Secondaires  :  une  pre- 
mière fois  avec  le  Trias,  une  deuxième  avec  le  Jurassique  supérieur 
et  le  début  du  Crétacé,  une  dernière  avec  la  fin  du  temps  Crétacés 
supérieurs. 

Dans  l'état  actuel  de  nos  connaissances,  on  peut  admettre  que 
l'Europe  a  fourni  à  l'Amérique,  comme  groupes  importants,  les 
Mégalosauridés,  les  Ptérosauriens,  et  probablement  les  Sauropodes, 
tandis  qu'elle  recevait  en  échange  les  Cœluridés,  les  Stégosauriens  et 
peut-être  les  Cératopsides. 


III 

Mieux  encore  qu'aux  temps  Secondaires,  l'étude  des  phénomènes 
de  migration  entre  l'Europe  et  l'Amérique  du  Nord  devient  intéres- 
sante et  précise  à  l'époque  Tertiaire,  grâce  au  développement  remar- 
quable des  Mammifères  terrestres. 

Des  l'Eocène  le  plus  inférieur,  dans  l'étage  Thanétien  ou  Lan- 
dénien  inférieur,  les  gisements  de  Cernay  et  de  Torrejon  nous  mon- 
trent des  échanges  de  faune  entre  la  France  et  le  Nouveau-lNIexique. 
Le  genre  Neoplagiaulax  représente,  des  deux  côtés  de  l'Atlantique, 
le  dernier  survivant  de  l'ordre  des  Multi tubercules,  si  florissant  en 
Europe  du  Rhétien  au  Purbeck,  en  Amérique  du  Jurassique  aux 
couches  de  Laramie.  Parmi  les  Carnassiers  Créodontes,  le  genre 
Clœnodon  américain  est  identique,  comme  l'a  déjà  suggéré  INI. 
Matthew,  à  l'Arctocyonides  de  Cernay,  différent  de  l'Arctocyon  par 
ses  molaires  à  structure  bunodonte  un  peu  plus  simple.  Dans  le 
même  groupe,  le  Dissacus  d'Amérique  est  très  exactement  représenté 
ir  le  Dissacus  europpeus  de  Cernay,  auquel  il  faudra,  je  crois  réunir 
l'Hyœnodictis  du  même  gisement.  Le  Procyniciisremcnfis  de  Cernay 
représente  à  mon  avis  en  Europe  la  famille  des  Oxyclénidés,  sous  une 
forme  au  moins  très-voisine  du  Chriacus  de  Torrejon.  Enfin  les 
Ongulés  primitifs  de  l'ordre  des  Condylarthrés  se  sont  répandus 
jusqu'en  Europe  avec  le  Plesiphenacodus  de  Cernay,  et  mon  savant 
ami  le  Dr.  Stehlin  vient  de  reconnaître  dans  le  Thanétien  de  Belgique, 
à  Orsmaël,  la  présence  du  genre  Euprotogonia,  si  caractéristique 
de  l'horizon  de  Torrejon.  On  voit  que  cette  première  migration 
thanétienne  semble  avoir  été  exclusivement  dirigée  de  l'Amérique 
vers  l'Europe,  sans  aucun  indice  connu  d'une  migration  en  sens 
inverse. 

Une  deuxième  migration,  tout  aussi  nette,  se  produit  à  l'époque 
suivant  ou  Sparnacienne.  Elle  est  démontrée  par  l'existence  dans 
les  lignites  du  Soissonnais  et  dans  l'argile  plastique  de  Paris,  de  deux 
Créodontes,  Palfeonictis  et  Pachyhsena,  et  des  xAmblypodes  du  genre 
Coryphodon,  communs  avec  les  couches  de  Wasatch  des  Etats-Unis. 

Les  commimications  me  paraissent  avoir  persisté  encore  avec  le 
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dernier  terme  de  TEocène  inférieur,  l'étage  Yprésien  ou  T>ondinien. 
Le  Platycheerops  de  l'argile  de  Londres  est  un  Tillodonte  assez  voisin 
de  l'P^sthonyx  de  Wasatch  et  de  Wind-Iliver  pour  être  l'indice  assuré 
d'une  migration  américaine.  J'ai  eu  personellement  l'occasion  de 
montrer  que  les  petits  Pr^'équidés  américains  des  étages  de  Wasatch, 
de  Wind-Uiver  et  de  Bridger,  décrits  tantôt  sous  les  noms  d'Lohippus 
et  d'Orohippus,  et  tantôt  rapportés  à  l'IIyracotherium  de  l'argile  de 
Londres,  ont  des  molaires  moins  hunodontes  que  celles  de  ce  dernier 
type  et  sont  pr(\S(|ue  identiques  aux  Propachynolophus  signalés  par 
le  Dr.  Lemoine  dans  les  couches  yprésiennes  d'Ay  et  de  Cuis,  aux 
environs  d'Epernay.  Je  ne  suis  pas  non  plus  éloigné  de  j)enser  que 
le  Protoadapis  de  ce  dernier  gisement  présente,  dans  la  structure  de 
ses  molaires  à  (lenticules  disposés  en  rangées  transverses,  de  remar- 
quables affinités  avec  les  Primates  américains  de  la  famille  des  Noth- 
arctidés  (Xotharcîus,  Pelycodus). 

Les  connexions  géographiques  entre  l'Europe  et  l'Amérique  ont- 
elles  cessé  complètement  avec  l'Eocène  moyen,  c'est-à-dire  aux 
époques  Lutécienne  et  Bartonienne,  comme  le  pensent  mes  éminer.ts 
confrères  I\OL  Osborn  et  Stehlin  ?  C'est  la  une  Cjuestion  qui  reste  pour 
moi  encore  un  peu  douteuse.  Il  ne  me  paraît  pas  invraisemblable 
d'expliquer  par  une  communication  avec  l'Amérique  l'arrivée  brusque 
en  Europe  dans  le  I^utécien  supérieur  d'Egerkingen  et  de  Lissieu  des 
Primates  de  la  famille  des  Anaptomorphidés  (Xecrolemur)  et  des 
premiers  Hya^nodontidés.  Toutefois  il  importe  de  ne  plus  tenir 
compte,  dans  les  relations  entre  l'Europe  et  l'Amérique  à  cette  époque, 
du  Calamodon  d'Egerkingen,  que  Rutimeyer  rapprochait  des  Sty- 
linodon  de  Wind-River.  ]\L  Stehlin  m'a  autorisé  à  annoncer  que  ce 
prétendu  Tillodonte,  égaré  dans  l'Eocène  moyen  d'Europe,  lui  parais- 
sait plutôt  être  un  Primate  voisin  du  Chiromys  actuel. 

Enfin  à  l'époque  Bartonienne,  il  serait  naturel  d'interpréter  comme 
une  relation  américaine  un  peu  moins  certaine,  l'apparition  brusque 
dans  le  calcaire  de  St.  Ouen  près  Paris,  du  Pernatherium,  le  plus 
ancien  représentant  connu  de  la  curieuse  famille  des  Chalicothérdés, 
proches  parents,  au  moins  à  titre  de  branche  latérale  spécialisée,  du 
groupe  des  Palseosyops  de  l'Eocène  d'Amérique. 

Quoiqu'il  en  soit,  on  peut  tout  au  moins  affirmer  que  les  com- 
munications de  l'Europe  avec  l'Amérique  étaient  devenues  sinon 
impossibles,  au  moins  beaucoup  plus  difficiles  pendant  l'Eocène 
moyen.  1\  paraît  certain  qu'elles  ont  entièrement  cessé  pendant 
l'Eocène  supérieur  et  les  premiers  débuts  des  temps  Oligocènes. 

Après  cette  interruption  assez  longue,  on  voit  les  connexions 
américaines  reprendre  avec  une  intensité  nouvelle  vers  le  fin  de 
l'Oligocène  inférieur  ou  étage  Sannoisien.  C'est  de  ce  moment  que 
date  en  effet  l'introduction  brusque  d'Amérique  en  Europe  de  l'En- 
telodon  et  des  premiers  Rhinocéridés  (Ronzotherium).  S'il  ne  nous 
est  pas  encore  possible  de  rattacher  directement  les  premiers  Rhinocé- 
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ridés  européens  à  l'un  des  groupes  Eocènes  d'Amérique,  tels  que  les 
Hyracodontidés  ou  les  Amynodontidés,  du  moins  est-il  permis  de 
penser  que  nos  Ronzotherium  et  Acerotherium  sont  une  branche 
latérale,  détachée  un  peu  avant  l'Oligocène,  du  tronc  des  Rhinocéros 
du  Nouveau-Monde. 

Avec  l'Oligocène  moyen  ou  Stampien,  les  échanges  de  faune  con- 
tinuent, avec  plus  d'activité  encore,  entre  les  deux  contrées.  L'Amé- 
rique envoie  vers  l'Europe  les  Tapiridés  sous  la  forme  du  Protapirus, 
les  Amynodontidés  avec  le  Cadurcotherium,  les  Rhinocéros  à  cornes 
latérales  ou  Diceratherium,  et  selon  toute  vraisemblance  les  grands 
Félins  du  type  INIachairodus  (Eusmilus).  En  revanche,  elle  reçoit 
de  l'Ancien  Continent,  dans  l'étage  de  White-River,  l'importante 
famille  des  Anthracothéridés.  J'ai  pu  constater  dans  les  magnifiques 
séries  du  Muséum  de  New  York  la  présence  certaine  de  trois  types 
européens  de  cette  famille:  des  Ancodus  au  museau  allongé,  à  peine 
distincts  de  ceux  de  Ronzon  par  des  molaires  un  peu  moins  hypso- 
dontes  {Hyopotanuis  americanus)  ;  et  des  Brachyodiîs  de  deux 
groupes,  l'un  conforme  au  type  sélénodonte  du  genre  {H yopotamiis 
brachyrhyncus),  l'autre  un  peu  plus  bunodonte  (Anthracotherium 
curtum  de  Marsh),  très  voisin  de  deux  espèces  du  Fayoum  et  de  la 
Catalogne.  Enfin,  les  vrais  Anthracotherium  à  dentition  l>unodonte 
paraissent  aussi  avoir  aussi  passé  en  Amérique  avec  1'^.  Karense  du 
White-River  supérieur.  A  cette  migration  importante  et  certaine,  il 
faut  en  ajouter  sans  doute  beaucoup  d'autres,  par  exemple  celle  des 
Tragulidés  (Leptomeryx),  des  Castoridés  (Steneofiber),  des  Canidés 
(Cynodictis),  des  Mustélidés  (Bunselurus)  ;  des  Sciuridés  (Sciurus)  et 
peutêtre  des  Cricétidés  (Eumys).  Ces  divers  groupes  n'ont  aucune" 
racine  géologique  dans  le  sol  américain  et  leur  importation  d'Europe 
est  plus  que  vraisemblal)le. 

Les  derniers  temps  de  l'Oligocène  ou  étage  Aquitanien  paraissent 
répondre  à  une  rupture  complète  des  communications  entre  les  deux 
pays.  ]\Ialgré  des  aflfinités  incontestables  qui  permettent  d'établir 
un  parallélisme  stratigraphique  assez  précis  entre  la  faune  de  St. 
Gérand-le-Puy  et  celle  du  John  Day  inférieur,  il  ne  me  paraît  pas 
possible  d'indiquer  un  seul  fait  de  migration  correspondant  à  cette 
époque. 

Mais  les  migrations  recommencent  une  nouvelle  fois  avec  le 
Miocène  inférieur  ou  Burdigalien,  époque  à  laquelle  l'un  des  repré- 
sentants du  rameau  des  Equidés,  le  INIesohippus  ou  Anchitherium, 
déjà  apparu  en  Amérique  depuis  l'Oligocène  de  White-River  et  de 
John  Day,  fait  en  Europe  une  courte  incursion  pendant  le  Miocène 
inférieur  et  moyen  et  s'y  éteint  sans  laisser  de  descendants.  Il  est 
remplacé  dans  le  Miocène  supérieur  ou  étage  Pontien  par  un  autre 
chaînon  de  ce  même  rameau,  l'Hipparion,  accompagné  dans  sa 
migration  par  les  Titanothérides  (Leptodon)  et  par  les  véritables 
Léporidés  (Lepiis).     Par  contre  une  migration  en  sens  inverse,  ré- 
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pondant  aux  oonolu'.s  de  Uosebiul  et  de  Deep  Hiver  introduit  briisque- 
nient  en  Anu'ri((ue  les  Cervulidés  (Pahvoniervx)  et  les  j:)reiniers  Pro- 
boscidiens  du  type  des  Mastodontes  tapiroides  {Mastodoii  hrcvldeiis). 

Eniîn  une  dernière  imniio;ration  Pliocène  se  montre  dans  les 
couches  de  Ivoup-Fork,  qui  répondent  à  peu  près  à  l'horizon  Miocène 
su[)érieur  de  Pikernii.  Cette  importante  ini(>;ration  fait  ])cnétrer  pour 
la  première  t'ois  en  Amérique,  comme  types  de  l'Ancien  Monde,  les 
Carnassiers  des  (Genres  Mustcla,  Lutra,  Amj)hicyon,  Pseudalui'us,  les 
Mi.stodontes  du  u'roujH'  du  Ma.sfodon  aitguMidciis  (Ti'ilojjJiodon) 
et  Its  curieux  Antil()i)i(lés  à  bois   (Blastomeryx,   Merycodus). 

Étant  donné  le  peu  de  prol)abilité  de  communications  directes 
entre  l'Américiue  et  l'Europe  aux  temps  néogènes,  il  me  semble  permis 
de  penser  |)lutôt  <jue  les  divers  échanges  de  faune  que  je  viens  d'indi- 
cpier  depuis  le  dél)ut  du  INIiocène  ont  dû  avoir  lieu,  non  plus  comme 
précédeunnent  à  travers  l'Atlantique  du  Nord,  mais  par  l'intermé- 
diaire des  terres  asiatiques,  la  Sibérie,  le  détroit  de  Beiiring  et  l'Alaska. 
Cette  conception  est  malheureusement  destinée  à  demeurer  à  l'état 
d'hvpothèse,  tant  que  persistera,  pour  le  grand  continent  de  l'Asie 
centrale,  la  lacune  de  nos  connaissances  paléontologicpies,  restreintes 
aux  faïuies  tertiaires  les  plus  récentes  du  Miocène  supérieur  et  du 
Pliocène.  Nous  sommes  réduits  pour  le  moment  à  soupçonner  dans 
l'Asie  du  Xortl,  dans  l'ancien  continent  d'Angara,  l'existence  hy- 
pothétique d'un  cciifrc  de  dispersion  indépendant,  qui  expliquerait  les 
obscurités  encore  très-grandes  qui  entourent  l'origine  et  l'histoire 
d'un  très  grand  nombre  de  groupes  de  Mammifères  tertiaires. 

Les  doutes  cpie  je  viens  d'exprimer  sur  le  sens  de  la  migration  des 
faunes  européennes  vers  l'Amérique  du  Nord  à  l'époque  Miocène  ne 
sauraient  subsister  en  tous  les  cas  en  ce  qui  concerne  le  Pliocène  et 
Quaternaire.  Nous  nous  trouvons  ici  en  présence,  à  la  fin  du  Pliocène, 
d'une  émersion  des  continents  dans  toute  la  région  l)oréale  et  d'une 
connexion  certaine  entre  l'Américpie  du  Nord,  l'Europe  et  la  Sibérie. 
C'est  le  long  de  cet  anneau  peut-être  continu  de  terres  boréales  c(u'a 
pu  se  faire  aisément  le  passage  si  remarquable  de  l'Ancien  IMonde 
vers  l'Amérique  de  toute  la  faune  quaternaire,  les  Eléphants,  le  Renne, 
l'Elan,  rOvibos,  le  Bison,  les  Myodes,  les  Jaculus,  les  Arvicola,  pour 
ne  citer  que  les  formes  les  plus  connues. 


•        IV 

Après  avoir  ainsi  exposé  rapidement  les  principaux  faits  relatifs 
aux  échanges  de  faunes  entre  l'Europe  et  l'Aîiiérique  du  Nord,  il  me 
sem]>le  utile  d'appeler  l'attention  des  paléontologistes  sur  la  nécessité 
de  chercher  à  préciser,  plus  cju'on  ne  l'a  fait  jusqu'ici,  le  sens  de  ces 
migrations  effectuées  tantôt  de  l'Plst  à  l'Ouest,  tantôt  en  sens  inverse. 
Le  seule  méthode  dont  nous  puissions  disposer  —  et  que  j'ai  utilisée 
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dans  les  considérations  précédentes  —  consiste  à  observer  dans 
laquelle  des  deux  régions,  chaque  famille  ou  chaque  genre  dont  on  se 
propose  d'étudier  l'origine,  ont  fait  leur  première  apparition.  On 
peut  aussi  quelquefois  s'appuyer  sur  l'état  plus  ou  moins  florissant 
des  ordres,  des  familles  ou  des  genres  dans  les  deux  pays.  On  pourra 
ainsi  considérer  comme  le  centre  de  dispersion  probable  d'un  groupe 
la  contrée  ou  il  est  à  la  fois  le  plus  ancien  et  le  plus  riche  en  rameaux 
multiples  et  variés. 

Cette  méthode  est  malheureusement  sujette  à  erreur,  la  décou- 
verte de  documents  nouveaux  venant  souvent  démontrer  la  fausseté 
des  hypothèses  provisoirement  admises,  et  dérouter  toutes  les  pré- 
visions. Je  ne  saurais  mieux  compléter  cette  adresse  qu'en  faisant 
connaître  quelcjues  faits  nouvellement  découverts  en  Europe,  faits 
qui  viennent  à  l'encontre  de  toutes  les  données  jusqu'ici  ad- 
mises sur  l'origine  de  deux  groupes  importants  de  Mammifères 
tertiaires,  les  Périssodactyles  et  les  Primates. 

Tous  les  paléontologistes  connaissent  les  vicissitudes  par  les- 
quelles a  passé  depuis  un  cjuart  de  siècle  l'histoire  de  la  phylogénie  et 
de  la  dispersion  des  Equidés.  D'abord  étal)lie  par  Huxley  et  Kowa- 
levsky  avec  des  formes  européennes,  le  Paloplotheiium,  le  Palœo- 
therium,  l'Anchitherium  et  l'Hipparion,  la  généalogie  du  Cheval  a 
trouvé  un  peu  plus  tard,  grâce  aux  travaux  de  Marsh  et  de  Cope,  une 
expression  plus  solide  et  plus  complète  dans  la  lignée  américaine  con- 
stituée par  l'Eohippus,  l'Orohippus,  l'Epihippus,  le  Mesohippus,  le 
IMiohlppu-;,  le  Merychippus  et  le  Protohippus.  Cope  complétait  cette 
série  généalogique  en  y  ajoutant  à  la  base  un  Condylarthré,  le  Phena- 
codus,  à  patte  pentadactyle,  et  à  dentition  bunodonte  sextuberculaire. 
Cette  phylogénie  a  été  admise  à  peu  près  sans  discussion,  et  l'origine 
entièrement  américaine  du  groupe  paraissait  hors  de  doute.  Des 
constatations  récentes  que  j'ai  pu  faire  dans  l'Eocène  inférieur 
d'Europe  montrent  que  la  généalogie  chevaline  doit  être  remaniée 
encore  une  fois  et  qu'il  faut  en  écarter  tout  au  moins  le  Phenacodus 
et  l'Eohippus  (Hyracotherium).  Voici  les  faits  brièvement  exposés: 
la  forme  de  Préécjuidé  la  plus  primitive  qui  existe  en  Europe  est 
l'Hyracotherium,  tellement  voisin  de  l'Eohippus  d'Amérique  que  la 
réunion  de  ces  deux  genres  me  paraît  s'imposer.  Les  molaires  de 
cet  animal,  pourvues  en  haut  de  six  tubercules  et  en  bas  de  quatre 
tubercules  coniques,  non  réunis  par  des  arêtes  transverses,  ont  con- 
servé un  caractère  bunodonte  très-accentué.  Le  type  provient  du 
London-clay,  qui  correspond  à  l'étage  Yprésien  et  englobe  aussi, 
suivant  quelques  géologues,  la  partie  supérieure  du  Sparnacien, 
Cependant  Pomel  a  cité  depuis  longtemps,  de  l'argile  plastique  de 
Sézanne,  c'est  à  dire  dans  le  Sparnacien  incontestable,  un  véritable 
Pachynolophus  (P.  vismœi),  à  dentition  semi-sélénodonte,  moins 
primitive  cjue  celle  de  l'Hyracotherium.  Le  Pachynolophus  de 
Sézanne  n'a  malheureusement  jamais  été   figuré,  et  la   pièce  elle- 
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même  a  disparu.  INIais  j'ai  eu  la  bonne  fortune  de  retrouver  à 
Pourcy,  près  de  Reims  dans  des  couches  lagu no-marines  du  Spar- 
nacien  supérieur  une  molaire  inférieure  d'un  Périssodactyle  à  dentition 
sélénodonte,  qui  appartient  également  à  un  Pachynolophus  véritable: 
elle  était  d'ailleurs  associée  à  une  dent  de  Coryphodon,  ce  qui  affirme 
bien  l'âge  sparnacien  du  gisement.  Ce  premier  fait  permettait  déjà 
de  démontrer  que  l'IIyracotherium  (=  Eohippus),  dont  le  niveau 
stratigraphique  est  plutôt  un  peu  supérieur  à  celui  des  Pachynolophus 
de  Sézanne  et  de  Pourcy  devait  être  écarté  de  la  phylogénie  directe 
des  Prééquidés,  et  qu'il  fallait  s'attendre  à  trouver  plus  bas,  dans  le 
Thanétien,  les  ancêtres  sélénodontes  du  groupe. 

Cette  découverte  importante  a  été  fait  déjà  depuis  quelques  années 
par  M.  Rutot  dans  le  gisement  d'ErquCiines  en  Belgique.  Ce  savant 
a  décrit  et  figuré  de  cette  localité  une  belle  demi-mandibule  d'un 
Prééquidé  de  petite  taille  qui  ne  semble  pas  pouvoir  être  séparé  du 
genre  Pachynolophus,  à  dentition  sélénodonte  nettement  marquée. 
INIalheureusement,  la  pièce  d'Erquelines  ayant  été  rapportée  à  tort 
par  M.  Gaudry  au  Pachijnoloplms  maldani  de  l'Yprésien  de  Cuis, 
il  en  est  résulté  une  confusion  stratigraphique,  qui  a  fait  attribuer  les 
sables  d'Erquelines  à  l'Yprésien.  M.  Rutot,  avec  qui  j'ai  eu  l'occasion 
de  m'entretenir  de  ce  point  important  est  maintenant  très  affirmatif 
sur  l'âge  Thanétien  supérieur  du  gisement  en  question.  Je  crois 
pouvoir  confirmer  l'affirmation  de  M.  Rutot  par  la  découverte  que 
j'ai  faite  dans  le  Thanétien  supérieur  de  la  célèbre  localité  de  Cernay- 
les-Reims,  de  dents  isolées  (molaires  inférieures  et  prémolaire  supé- 
rieure) d'un  petit  Prééquidé  sélénodonte,  qui  me  semble  identique  à 
l'espèce  d'Erquelines.  Voici  donc  deux  gisements  thanétiens,  Erque- 
lines  et  Cernay,  où  se  rencontre  un  petit  Périssodactyle  à  dentition 
sélénodonte  très  accusée,  qui  représente  beaucoup  mieux  que  l'Eoliip- 
pus  et  le  Phenacodus,  le  premier  ancêtre  tertiaire  des  Equidés.  Comme 
les  gisements  américains  de  Puerco  et  de  Torrejon  n'ont  encore  livré 
aucune  trace  de  Périssodactyles,  je  suis  amené  à  admettre  maintenant 
que  révolution  des  Prééquidés  s'est  faite  d'abord  eu  Europe  au  début  de 
VEocène,  et  que  c'est  seulement  un  peu  plus  tard,  à  l'époque  de 
Wasatch,  que  le  groupe  a  passé  en  Amérique,  pour  y  continuer  en- 
suite les  diverses  étapes  qui  devaient  le  conduire  jusqu'au  Cheval. 

J'apporte  ici  une  observation  tout  à  fait  analogue  pour  le  groupe 
des  Primates  primitifs  ou  Pachylémuriens.  Ce  groupe  si  important 
ne  débute  en  Amérique  d'une  manière  certaine  qu'avec  l'étage  de 
AYasatch  ou  Sparnacien,  En  Europe,  si  nous  mettons  de  côté  le 
problématique  Plesiadapis  de  Cernay,  les  Primates  ne  débutaient 
jusqu'ici  qu'avec  le  Protoadapis  de  l'étage  Yprésien  d'Ay  et  de  Cuis; 
l'origine  américaine  du  groupe  paraissait  donc  vraisemblable.  Mais 
tout  récemment  j'ai  pu  observer  dans  les  sables  marins  de  Châlons- 
sur-Vesle  qui  sont  un  peu  inférieurs  aux  couches  de  Cernay  et  appar- 
tiennent au    Thanétien  moyen,  une  molaire   isolée,  mais  très  bien 
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caractérisée,  d'un  Primate  que  tous  ses  caractères  rapprochent  de  la 
famille  des  Notharctidés,  et  qui  pourrait  fort  bien  être  l'ancêtre  com- 
mun du  Protoadapis  de  Cuis  ainsi  que  des  Pelycodus  et  Noth- 
arctus  de  Wasatch  et  de  Bridger.  Il  devient  dès  lors  possible  de 
soupçonner  que  l'Amérique  du  Nord  a  pu  recevoir  d'Europe,  dans 
la  seconde  moitié  du  Paléocène,  l'intéressant  rameau  des  Pachylému- 
riens,  qui  s'y  développe  si  brillamment  de  l'horizon  de  Wasatch  à 
celui  d'Uinta. 


V 

Arrivé  ainsi  au  terme  de  cet  exposé,  peut-être  un  peu  trop  chargé 
de  faits,  mais  que  l'on  me  pardonnera,  un  raison  de  l'importance  des 
problèmes  que  ces  faits  soulèvent,  il  me  reste  à  indiquer  en  quelques 
lignes  les  idées  générales  qui  se  dégagent  à  mon  sens,  de  l'étude  de  ces 
phénomènes,  au  point  de  vue  des  lois  de  l'évolution  et  du  mécanisme 
des  changements  de  faunes  d'animaux  terrestres. 

J'ai  eu  surtout  le  désir  de  mettre  en  lumière  le  rôle  capital  joué 
par  les  'phénomènes  de  migration,  qui  ont  été,  sans  doute,  déjà  ob- 
servés et  signalés  par  divers  paléontologistes,  mais  auxquels  on  n'a 
pas,  il  me  semble,  attribué  l'importance  fondamentale  qu'ils  mé- 
ritent. On  pourrait  presque  affirmer  aujourd'hui  qu'il  est  impossible 
de  suivre  l'évolution  entière  d'un  rameau  quelconque  d'animaux 
fossiles  dans  une  seule  contrée.  La  plupart  des  essais  de  phylogénie 
ou  enchainements,  tentés  sur  divers  groupes  de  Mammifères  ter- 
tiaires, pèchent  justement  parceque  leurs  auteurs  ont  presque  toujours 
tenté  de  rechercher  sur  place,  dans  le  pays  qu'ils  habitent,  les  divers 
chaînons  de  l'évolution  de  ces  groupes.  En  réalité,  l'évolution  des 
rameaux  se  présente  à  nous  comme  une  ligne  brisée,  dont  les  divers 
segments  auraient  été  séparés  les  uns  des  autres  :  pour  ressouder  ces 
bouts,  il  faut  s'attendre  à  changer  plusieurs  fois  de  contrée.  Cela  doit 
être,  dès  maintenant,  l'un  des  buts  les  plus  importants  de  la  paléon- 
tologie moderne. 

Sans  doute  cette  tâche  est  rendue  difficile  et  parfois  même  im- 
possible par  la  pénurie  des  documents  sur  de  vastes  régions,  telles 
que  l'Asie.  Un  travail  préUminaire  est  du  moins  abordable  dès  à 
présent:  c'est  d'établir  pour  chaque  région  dont  l'exploration  géolo- 
gique est  suffisamment  avancée,  la  part  qui  revient  à  chacun  des  deux 
facteurs  qui  déterminent  les  changements  de  faunes  :  1°  V évolution 
sur  place.  2°  les  migrations  d'origine  lointaine.  C'est  à  ce  point  de 
vue  que  j'ai  repris  récemment  l'étude  de  toutes  les  faunes  fossiles  de 
Mammifères  d'Europe  et  que  j'ai  essayé  d'en  dégager  les  nombreux 
faits  de  migration  que  je  viens  de  décrire  entre  l'Ancien  et  le  Nouveau- 
Monde  dans  l'hémisphère  nord. 

C'est  aussi,  je  crois,  par  des  phénomènes  de  migration  que  nous 
pourrons  arriver  à  donner  une  explication  simple  et  rationelle  de  ces 
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curieuses  similitudes  d'évolution  observées  entre  des  contrées  loin- 
taines, par  exemple  entre  l'Europe,  l'Amérique  du  Nord  et  la  Pata- 
gonie,  en  ce  qui  concerne  les  premières  faunes  Eocènes.  On  a  fait 
quelquefois,  pour  expliquer  ces  analogies  dans  la  marche  de  l'évolution, 
l'hypothèse  d'une  évolution  parallèle  d'un  même  groupe  dans  diffé- 
rentes contrées.  Je  trouve,  à  mon  sens,  ces  hypothèses  assez  invrai- 
semblables. Nous  ne  devons  pas  oublier  que  des  savants  paléontolo- 
gistes avaient  émis  l'idée  d'une  double  filiation  du  Cheval,  l'une 
européenne,  l'autre  américaine.  Nous  avons  vu  plus  haut  que  cette 
conception  ne  peut  résister  à  une  analyse  précise  des  migrations 
répétées  et  réciproques  des  divers  types  du  rameau  des  Equidés  entre 
les  deux  Mondes.  Dans  l'état  actuel  de  nos  connaissances,  l'évolu- 
tion des  Equidés  débute  en  Europe  pour  se  terminer  en  Amérique. 
Je  n'hésite  pas  à  penser  qu'il  en  sera  le  même  de  tous  les  autres  cas 
d'évolution  parallèle  invoqués  dans  les  autres  groupes  d'animaux 
fossiles. 

Le  progrès  immense  déjà  réalisé  dans  cette  voie  par  les  études 
modernes  de  paléogéographie  et  de  distribution  des  animaux  vivants 
et  fossiles,  nous  montre  dans  l'étude  précise  des  migrations  la  véritable 
marche  à  suivre  et  la  solution  de  demain. 


DIE  BEDEUTUNG  DER  PALAONTOLOGIE  FUR  DIE 
ABSTAMMUNGSLEHRE 

G.  STEINMANN 

Der  Kern  der  Abstammungslehre  ist  eine  Behaiiptimg  historischer 
Art:  die  Organismen  sind  durch  allmahliche  Umbildung  aus  einander 
hervorgegangen.  Darum  erscheint  die  Palâontologie  in  erster  Linie 
berufen,  aus  der  Geschichte  der  Tier-  und  Pflanzenwelt  die  Rich- 
tigkeit  der  Lehre  zu  beweisen,  im  besonderen  aber  den  Gang  der 
organischen  Entwicklung  festzustellen,  soweit  das  fossile  Material  dies 
erlaubt.  Ebenso  kann  das  letzte  und  hôchste  Ziel  der  Entwicklungs- 
lehre,  nâmlich  die  Erforschung  der  Ursachen  der  Entwicklung,  nur 
durch  Zusammenwirken  biologischer  und  palâontologischer  For- 
schung  erreicht  werden.  Ist  doch  jedes  Fossil  ein  wirkliches  histo- 
risches  Dokument,  das  gerade  so  gut  aus  dem  Gang  der  Entwicklung 
begriffen  werden  muss,  wie  eine  Pflanze  oder  ein  Tier  der  heutigen 
Schopfung.  Zudem  baut  sich  eine  Phylogenie  sicherer  auf  his- 
torischen  Dokumenten  auf  als  auf  Vorstellungen,  die  nur  mitfelbar 
aus  der  heutigen  Schopfung  urid  aus  der  unsicheren  und  mehrdeutigen 
Ontogenie  der  heutigen  Organismen  abgeleitet  werden. 

Wiihlt  man  das  fossile  jMaterial  zum  Ausgange  fur  einen  selh- 
stàndigeri  Aufbau  des  Entwicklungsganges,  so  mûssen  zwei  Voraus- 
setzungen  erfûllt  werden.  Erstens  dùrfen  wir  unsere  Untersuchungen 
und  Betrachtungen  nicht  auf  einen  Teil  der  Tier-  und  Pflanzenwelt 
beschrânken,  sondern  wir  haben  das  gesammte  Material  von  fossilen 
Pflanzen  und  Tieren  zu  beniitzen,  unter  Herausstellung  der  am  voll- 
stândigsten  ûberlieferten  und  am  besten  bekannten  Gruppen.  Zwei- 
tens  muss  die  rein  historische  Méthode  Anwendung  finden,  d.  h.  wir 
mûssen  das  fossile  Material  als  geschichtlich  gegebenen  Stoff,  aber  in 
richtiger  Wûrdigung  seiner  sich  stetig  vermindernden  Lûckenhaftig- 
keit  beniitzen,  und  wir  dûrfen  dabei  nur  solche  Gesichtspunkte  ver- 
wenden,  die  sich  aus  der  historischen  Méthode  selbst  ergeben.  Das 
besagt  anders  ausgedrûckt:  die  Organisation  der  fossilen  Pflanzen 
und  Tiere  haben  wir  wohl  auf  Grund  unserer  Erfahrungen  an  leben- 
den  Pflanzen  und  Tieren  zu  ermitteln,  aber  den  Gang  der  Entwick- 
lung haben  wir  zu  griinden  ausschliesslich  auf  den  geschichtlichen 
Stoff,  und  wir  mûssen  uns  hûten,  dabei  solche  Vorstellungen  zu  be- 
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niitzen,  die  nicht  ans  seiner  Betrachtiing  selbst  gewonnen  sind.  Ich 
meine  dabei  vor  allem  die  Vorstellungen,  die  sich  aus  dem  heutigen 
System  der  Tiere  und  Pflanzen  ergeben.  Es  liegt  zwar  nahe,  und  es 
erscheint  uns  heute  ganz  selbstverstândlich,  dass  unsere  systema- 
tischen  Einheiten,  grôssere  wie  kleinere,  auch  zugleich  phylogenetische 
Einheiteii  sind,  aber  wir  sollten  doch  nicht  vergessen,  dass  wir  keinerlei 
historischen  Beweis  dafiir  haben.  Das  System  der  Tiere  und  Pflanzen 
ist  vielmehr  errichtet  und  ausgebaut  worden  als  ein  notwendiges 
Uebel  aus  rein  jyraktischen  Gesichtspunkten,  und  nicht  als  ein  Aus- 
druck  unseres  Wissens  vom  phylogenetischen  Zusammengang  der 
Tiere  und  Pflanzen;  dieser  ist  viehnehr  erst  spiiter  hineingelegt 
worden.  Ziehen  wir  aber  die  Paliiontologie  allein  zu  Rate,  so  ergibt 
sich  ein  ganz  anderes  Bild  als  dasjenige,  das  wir  aus  der  systema- 
tischen  Anordnung  entnehmen.  Fast  iiberall,  wo  wir  die  Geschichte 
einer  gut  ûberlieferten  grôsseren  Tier-  oder  Pflanzenabteilung  in  die 
Vorzeit  zurûckverfolgen,  treffen  wir  sie  in  iihnlicher  Formenfiille  an, 
wie  spiiter,  oder  wo  die  âlteren  Formen  spârlicher  sind,  erbiicken  wir 
doch  nie  ein  Zusammenfliessen  nach  einem  einzigen  Ausgangspunkt. 
Das  gilt  aber  nicht  allein  fur  die  sehr  alten  Gruppen,  deren  Vorfahren 
in  vorkambrischen  Zeiten  schon  bestanden  haben  miissen,  wie  Algen, 
Gefasskryptogamen,  Echinodermen,  INIollusken,  Crustaceen,  viel- 
leicht  auch  Fische,  sondern  ganz  besonders  auch  fur  die  jiingeren, 
die  doch  erst  im  Laufe  der  geologisch  iibersehbaren  Zeit  entstanden 
sind,  wie  Gymnospermen,  Î^Ionocotyledonen,  Dicotyledonen,  Rep- 
tilien, Vôgel  und  Sâuger.  Das  Suchen  nach  den  Urformen  aller 
solcher  Abteilungen  unter  dem  fossilen  IMaterial  ist  bisher  voUig 
ergebnislos  geblieben  und  erscheint  mir  auch  fur  die  Zukunft  nur  als 
hoft'nungslose  Jagd  nach  einem  Phantom. 

Vielmehr  ergibt  sich  aus  der  rein  historischen  Verwertung  des 
fossilen  Materials  eine  Reihe  von  Tatsachen,  die  fiir  die  Ermittelung 
des  Entwicklungsganges  von  grundlegender  Bedeutung  erscheinen. 
Die  beiden  wichtigsten  davon  dûrften  folgende  sein: 

(1)  Ueberall,  wo  das  fossile  Material  in  hinreichender  Vollstandig- 
keit  vorliegt,  stellen  wir  eine  langsame,  ununterbrochene  und  allmàh- 
liche  Umbildung  der  Formen  unter  nur  geringer  Vermehrung  der 
Artenzahl  im  Laufe  der  Zeit  fest. 

Wo  das  Gegenteil  vorzuliegen  scheint,  wo  sich  neue  Gruppen 
scheinbar  explosionsartig  entwickeln,  wo  die  Zahl  der  Organisations- 
typen  plôtzlich  ungewôhnlich  stark  vermehrt  erscheint,  verkniipfen 
sich  damit  ofïenbar  stets  erhebliche  Lûcken  in  der  Ueberlieferung. 
jManche  Algen  und  Coniferen,  die  Steinkorallen,  zahlreiche  jVIollusken 
und  Fische,  besonders  aber  verschiedene  Gruppen  von  Vierfiisslern, 
wie  die  Krokodile,  die  Pferde,  die  Proboscidier  und  zahlreiche  andere 
Sàugergruppen,  sind  zutrefl^ende  Beispiele  fur  die  allmahliche  Umbil- 
dung. Das  Auftreten  der  Dicotyledonen  und  Siiuger  dagegen  er- 
weckt  den  Anschein  einer  unvermittelten  und  schwer  begreiflichen 
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Umpragung  der  Schôpfung.  In  beiden  Fallen  klafft  aber  aiich  eine 
weite  Liicke  in  der  Ueberlieferung  der  vorhergehenden  Zeit. 

(2)  Ein  zweites  Ergebnis  der  palaontologischen  Forschung  ist 
fiir  unsere  Betrachtung  von  erlieblicher  Wichtigkeit.  In  allen 
Fallen,  \vo  das  fossile  IMaterial  das  rezente  wesentlich  hat  vermehren 
helfen,  und  so  zu  Aenderungen  der  Systematik  auf  historischer 
Grundlage  gefûhrt  hat,  haben  sich  diejenigen  Merkmale  als  'phylo- 
genetisch  wertlos  und  unbrauchbar  erwiesen,  die  vor  allen  anderen 
zur  systematischen  Unterscheidung  der  grosseren  Abteilungen  benûtzt 
worden  sind.  So  wissen  wir  jetzt,  dass  Gymnospermen  nicht  nur  ein 
einziges  Mal  ans  Sporenpflanzen  hervorgegangen  sind,  sondern  dass 
dieser  Vorgang  sich  unabhangig  auf  verschiedenen  phylogenetischen 
Linien  abgespielt  hat,  bei  Lycopodialen,  die  wir  als  Lepidospermen, 
bei  Filicalen,  die  wir  als  Pteridospermen  kennen,  bei  Cordaiten,  und 
wahrscheinlich  auch  bei  Cycadeen.  Nicht  die  Art  der  Fortpflanzung 
erscheint  hiernach  als  das  Bestandige,  sondern  die  IMehrzahl  der 
sogenannten  morphologischen  ^lerkmale,  die  in  der  Systematik 
gewôhniich  erst  an  letzter  Stelle  stehen.  Nicht  anders  liegen  die 
Verhaltnisse  bei  den  Wirbellosen,  z.  B.  bei  den  Madreporariern,  wo 
es  jetzt  erwiesen  scheint,  dass  die  modernen  Hexacorallier  nicht  durch 
einmalige  Abspaltung,  sondern  auf  zahlreichen  Linien  unter  iihnlich 
gerichteter  Umbildung  ans  den  alteren  Rugosen  hervorgegangen  sind. 
Oder  bei  den  Lamellibranchiern,  bei  denen  zu  wiederholten  IMalen 
und  auf  ganz  getrennten  Linien  Sinupalliaten  ans  Integripalliaten, 
jMonomyarier  aus  Heteromyariern  entstanden  sind.  Aber  auch  die 
Wirbeltiere  zeigen  âhnliche  Erscheinungen.  Die  Knochenfische 
fiihren  sicher  nicht  auf  eine  gemeinsame  Ausgangsgruppe  zuriick, 
sondern  sie  stellen  nur  ein  hochentwickeltes  Stadium  der  Verknôche- 
rung  des  Innenskeletts,  meist  unter  gleichzeitigem  Schwinden  des 
Hautskeletts,  dar,  das  auf  verschiedenen,  wahrscheinlich  sehr  zahlrei- 
chen phylogenetischen  Linien  erreicht  ist;  ebenso  darf  es  als  aus- 
gemacht  gelten,  dass  ein  mehrfacher  Zusammenhang  zwischen  den 
amphibischen  Stegocephalen  und  den  Reptilien  bestanden  hat. 

Aus  diesen  und  zahlreichen  anderen  Beispielen,  die  mehr  oder 
weniger  sicher  historisch  beglaubigt  sind,  folgt  aber  in  ûbereinstim- 
mender  Weise: 

Die  systematische  Anordnung,  die  auf  dem  Herausheben  einzel- 
ner,  besonders  auffiilliger  Merkmale  der  Organisation,  z.  B.  der  Art 
der  Fortpflanzung  u.s.w.  unter  Zurûcksetzung  der  rein  morpholo- 
gischen Merkmale  beruht,  fiillt  in  zahlreichen  Fallen  sicher  nicht  mit 
den  phylogenetischen  Linien  zusammen,  sondern  kreuzt  sich  mit  ihnen. 
Wo  wir  nach  der  Systematik  Einstammigkeit  der  grosseren  Gruppen 
erwarten  sollten,  tritt  ganz  im  Gegenteil  Vielstammigkeit  hervor. 
Was  die  naive  Naturphilosophie  als  das  zufallige  Ergebnis  einer 
unbegrenzten  Verânderlichkeit  geglaubt  hat  begreifen  zu  konnen,  wie 
die  Entstehung  von  Samenpflanzen  aus  Sporenpflanzen,  von  Knochen- 
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fischen  ans  Knorpelfischeii,  von  Ueptilicn  ans  AinphihiiMi  ii.s.w., 
ersclieiiit  uns  heiite  vielnichr  als  ein  iîesetzmassitîer  N'or^auiij  in  (1er 
all<ïemeiiu'n  l^nihilduut;-,  als  n()t\ven(Ii<;'es  Kr<;e!)nis  hcstininitcr  Kin- 
wirkunu'en  nnd  Tatii^Ueiton. 

Was  ahcr  t'oltit  daraus?  Dass  fiir  dit'  pIivlot^aMirtiscIic  I^'ofschunij; 
nicht  dit'  hcstchende  Systeniatik  aïs  (irundlan'e  dicnen  darf,  dass 
dafiir  \ielnu'hr  das  liistorische  Matrrial  in  den  X'onkM-ii'rnnd  zn 
treten  liât. 

lin  den  (îe,u;eiisatz  zwiselien  heiden  ForsclinnusnietliodtMi  zu 
erlauteni,  wahle  ieh  ein  leiclit  verstandliches  Beispiel.  Es  zei<i;t 
zugleich  ein  schwierijîes  Frohleni,  die  Kntstehnns  der  S;in,uer,  in  gaiiz 
versehiedener  Beleuehtuiiii;. 

Bei  nnseren  heuti<]i;en  Kenntnissen  von  dem  Kiit\vicklnii,<i:siiani2;  dcr 
Tier-  und  Pflanzeinvelt  ist  es  gewiss  eine  sehr  merkwiirdi^e  l'at- 
sache,  dass  wir  von  der  vortertiaren  Geschichte  der  Siiu_<i:er  so  ,mit 
wie  gar  nichts  wissen,  walirend  uns  ihre  Reste  \'om  iilteren  Tertiar 
an  in  so  reiehliclier  Fiille  uberliefert  sind.  Immer  neue  und  reichere 
Funde  stromen  uns  ans  den  Tertiarschichten  der  verschiedenen 
Festlander  und  Insein  zu  und  lielfen  das  Bild  von  dem  Entwiek- 
lungsgang  der  einzelnen  Ordnungen  immer  mehr  vervollstandigen. 
Auch  ans  mesozoisehen  Formationen  vermehren  sich  ununterbrocheii 
die  Reste  von  \  ierfiissleru,  sowohl  von  Land-  wie  von  Meeresbe- 
wohnern,  aber  darunter  fehlen  Reste  von  Saugern  so  gut  wie  ganz,  es 
sind  immer  nur  Reptilien,  untergeordnet  auch  Vogel.  Das  wenige, 
was  wir  bis  heute  von  mesozoisehen  Saugern  keimen  gelernt  haben, 
lasst  sich  nach  allgemeiner  Auffassung  nur  mit  Beuteltieren,  Mono- 
tremen,  vielleicht  auch  iioch  mit  Insektivoren  in  Beziehung  setzen, 
ûber  die  Vorgeschichte  der  Hauptmasse  der  placentalen  Sauger 
sagt  es  uns  nichts.  Iliernach  begreift  man  demi  auch  die  weitere 
unerfreuliche  Tatsache:  jeder  Forscher  kann  sich  seine  besondere 
Vorstellung  ûber  die  wichtige  Frage  des  Ursprungs  der  Siiuger  machen, 
der  eine  darf  sie  sich  von  den  theromorphen  Reptilien  des  Perm,  ein 
anderer  von  den  mesozoisehen  ]\Iarsu})ialiern  ableiten,  ein  dritter 
lasst  den  Saugerstamm  sich-  zur  Devon-  oder  Silurzeit,  ein  vierter 
schon  zur  Zeit  des  Vorkambriums  von  den  ûljrigen  \'ierfiisslern  tren- 
nen  u.s.w.  Fine  solche  Divergenz  der  Vorstellungen  ist  nur  môglich, 
weil  es  fast  an  jeglichem  Verbindungsgliede  zwischen  den  alttertiaren 
Placentalen  und  den  niederen  Merfùsslern  fehlt,  aus  denen  sie  ent- 
standen  sein  mùssen. 

\on  der  Géologie  darf  man  mit  Recht  eine  Antwort  auf  die  Frage 
erwarten,  warum  dies  so  ist.  Demi  man  kennt  docli  z.  B.  ^'on  den 
Vogeln,  deren  Reste  im  AUgemeinen  auch  im  Tertiar  sehr  sparlich 
gesiit  sind,  eine  nicht  unerhebliche  Zahl  ft)ssiler  Formen  aus  Jura 
und  Kreide,  von  denen  jede  einzelne  bestimmte  Beziehungen  zur 
Stammgruppe  der  Vôgel,  den  Reptilien,  aufweist.  ]Man  mag  dièse  Be- 
ziehungen werten,  wie  man  will,  die  fossilen  Reste  liegen  vor.    Gleich- 
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gûltig  mit  welchen  Phantasieprodukten  man  nun  den  Abgrund 
fûllt,  der  vor  der  tertiâren  Ueberlieferung  der  Sâuger  gâhnt,  eine 
Anforderung  bleibt  bestehen:  es  muss  ausserordentlich  zahlreiche 
mesozoische  Siiuger  gegeben  haben,  wenn  man  aile  zur  âlteren  Ter- 
tiarzeit  vorhandenen  Abteilungen  auf  eine  gemeinsame  Ausgangs- 
gruppe  zuriickfûhrt,  wie  das  heute  allgemein  geschieht.  Denn 
griinden  wir  iinsere  Vorstellungen  von  den  Umbildungsvorgangen  der 
organischen  Formen  auf  diejenigen  Entwicklungsreihen  unter  den 
Vierfûsslern,  die  uns  wirklich  einigermassen  gut  bekannt  sind,  wie 
die  Pferde,  Proboscidier,  Raubtiere  oder  Krokodile,  Ichthyosaurier, 
Thalattosaurier  u.s.w.,  nicht  aber  auf  die  erdachten  Reihen  mit 
beschleunigter  Umprâgung  zwischen  den  einzelnen  Abteilungen,  so 
mùssen  wir  ausserordentlich  grosse  Zeitraume  und  ungezâhlte  Ueber- 
gangsformen  fur  die  vortertiiiren  Sâuger  fordern.  Aber  selbst  wenn 
wir  uns  von  dem  hemmenden  Boden  der  Erfahrung  und  des  Wissens 
loslôsen  und  eine  Geschwindigkeit  der  Umwandlung  ausdenken,  die 
aile  Erfahrung  erheblich  ûbersteigt,  so  wird  dadurch  nur  der  fiir  die 
Umbildung  nôtige  Zeitraum  verkiirzt,  die  ungeheure  Zahl  der  erforder- 
lichen  Zwischenglieder  aber  nicht  vermindert.  Wir  brauchen  dann  die 
Abtrennung  der  Sâuger  von  niederen  Vierfiisslern  nicht  in  palâozoische 
oder  gar  vorkambrische  Zeit  zurûck  zu  verlegen,  sondern  diirfen, 
wie  es  meist  geschieht,  diesen  Zeitpunkt  in  den  Beginn  des  Meso- 
zoikums  oder  vielleicht  gar  in  die  Jurazeit  verlegen,  wo  ja  auch  schon 
die  Vogel  bestanden  haben.  Das  dûrfte  aber  wohl  selbst  dem  Freunde 
einer  sehr  beschleunigten  Umwandlung  als  der  jûngste  zulâssige 
Termin  erscheinen,  zumal  wenn  er  die  wichtige  Tatsache  nicht 
unberiicksichtigt  lâsst,  dass  eine  grosse  Zahl  der  heutigen  Sâugerord- 
nungen  schon  im  Eocân  fast  gerade  so  fertig  gepràgt  und  scharf  von 
einander  gesondert  gewesen  sind  wie  heute,  namentlich  auch  solche 
von  ungewôhnlicher  Grosse  oder  Art  der  Fortbewegung  und  Lebens- 
weise,  wie  Cetaceen,  Sirenen,  Fledermâuse. 

Die  Géologie  vermag  keine  befriedigende  Antwort  auf  die  Frage 
zu  geben,  warum  wir  bis  heute  von  den  zahlreichen  geforderten  Vor- 
fahren  der  placentalen  Sâuger  aus  der  Kreidezeit  (von  den  fraglichen 
Insectivoren  abgesehn)  nicht  einen  Knochen,  îiicht  einen  Zahn  kennen. 
In  Ermangelung  einer  besseren  Erklârung  hat  man  auf  die  Hypothèse 
zurûckgegrifîen,  wonach  zur  Jura-Kreidezeit  ein  Festland  im  pazi- 
fischen  Gebiete  bestand,  auf  dem  die  Sâuger  sich  bis  zum  Tertiâr 
in  weltentrûckter  Abgeschiedenheit  entwickelt  haben.  Warum  es 
ihnen  nicht  schon  frûher  môglich  war,  den  hôheren  Blûtenpflanzen 
zu  folgen,  die  sich  etwa  um  die  gleiche  Zeit  auch  auf  einem  pazifischen 
Festlande  entwickelt  haben  sollen,  und  die  doch  schon  zur  Kreidezeit 
sich  ûber  aile  Festlânder  ausgebreitet  haben,  ist  unerfindbar,  zumal 
die  Pfianzenfresser  ihren  Nâhrpflanzen  doch  allgemein  zu  folgen 
pflegen.  Warum  mussten  die  Sâuger  sich  erst  in  so  zahlreiche  Ord- 
nungen  zerspalten  und  so  spezialisieren,  ehe  sie  sich  ausserhalb  jenes 
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Festlandes  einen  Platz  neben  den  Reptilien  sichern  konnten,  wozii 
sie  —  nach  der  landliiufifîen  Auffassung  —  ihre  hohere  Organisation 
doch  schon  lange  befahigt  haben  soUte?  Ailes  Fragen,  —  aber  keine 
befriedigenden  Antworten. 

Das  Problem  verscharft  sich  noch  mehr,  wenn  wir  der  Frage  nach 
der  Abstammung  der  Seesauger  naher  treten.  Schon  im  mittleren 
Eocân  treten  uns  gewaltige  Waltiere  entgegen,  die  nach  Art  der 
heutigen  ausgesprochene  Meerestiere  waren,  und  die  in  Bezug  auf 
ihre  P^ortbewegung  wohl  schon  ebenso  spezialisiert  waren  wie  die 
heutigen,  jNIan  leitet  sie  von  unbekannten  Landsâugern  vom  Typus 
der  primitiven  Raubtiere  (Creodontia)  oder  von  Condylarthra,  den 
supponierten  geraeinsamen  Ahnen  der  Raubtiere  und  Huftiere,  ab. 
Welche  Lôsung  man  auch  vorziehen  mag,  jedenfalls  wird  man  Webers 
Ausspruch  zustimmen  mûssen,  wonach  zweifellos  lange  Zeitraume 
notig  waren,  um  den  Korper  eines  kleinen  Landtieres  in  den  eines 
riesigen  Waltieres  von  rein  mariner  Lebensweise  umzuwandeln, 
Legen  wir  hierbei  gar  die  Erfahrungen  zu  Grunde,  die  wir  iiber  die 
allmahliche  Umbildung  von  Landtieren  zu  mehr  oder  weniger  voll- 
stândig  angepassten  Seetieren  bei  den  Meersauriern  oder  bei  den 
Seekûhen  besitzen,  so  kann  der  Zeitraum  einer  ganzen  Formation,  wie 
der  Kreide,  dazu  kaum  genûgt  haben.  Wollen  wir  uns  also  nicht  allzu- 
sehr  mit  jenen  Erfahrungen  in  Widerspruch  setzen,  so  mûssen  wir 
fordern,  dass  zur  Kreidezeit  schon  zahlreiche,  grosse  Meerestiere 
bestanden  haben,  die  die  weite  Lûcke  zwischen  den  angenommenen 
Landsâugern  und  den  Walen  iiberbrùcken.  Nun  kennen  w^ir  gerade 
die  ^leeresablagerungen  der  Kreide,  z.  B.  der  jûngeren  Kreide,  voll- 
stàndiger  als  die  irgend  einer  andern  Période  der  Erdgeschichte. 
Wir  kennen  sie  in  weitester  Verbreitung  aus  Europa  und  Asien, 
Nord-  und  Sudamerika,  aus  Australien  und  Neuseeland,  besonders 
auch  ringsum  von  den  Kûsten  des  Pacific,  der  so  viele  Geheimnisse 
der  organischen  Entwicklung  decken  soll,  und  gewiss  auch  verhûllt. 
Ueberaus  reiche  Faunen  von  Meeresbewohnern  der  verschiedensten 
Art,  bes.  auch  von  Wirbeltieren  (Fischen  und  Sauriern),  haben  wir 
aus  den  Absatzen  der  jûngeren  Kreide  kennen  gelernt.  Warum  hat 
man  bisher  darin  keine  Spur  jener  Verbindungsglieder  zwischen  Land- 
sâugern und  Walen  gefunden,  die  doch  in  den  Kreidemeeren  gelebt 
haben  mûssen,  keinen  Knochen,  keinen  Zahif  Die  Erdgeschichte 
bleibt  stumm  auch  auf  dièse  Frage. 

Nun  versuchen  wir  das  Problem  von  einer  andern  Seite  zu  beleuch- 
ten.  Schon  Lamarck  hat  betont,  dass  die  Wale  mehr  reptilienartige 
Merkmale  aufweisen  als  irgend  eine  andere  Sâugerabteilung;  neuere 
Forschungen  haben  ihre  Zahl  noch  vermehrt.  Neben  einigen  Merk- 
malen  von  geringerer  Bedeutung,  auf  die  besonders  Albrecht  hingewie- 
sen  und  deren  Bedeutung  Weber  zu  entkrâften  versucht  hat,  môge 
hier  nur  auf  die  beiden  auffâlligsten  hingewiesen  werden,  auf  den 
einfachen  Bau  und  die  Ueberzâhligkeit  der  Zâhne  und  auf  die  Ueber- 
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zahligkeit  der  Fingerglieder.  Es  fehlt  zwar  nicht  an  Versuchen,  dièse 
Erscheinungen  mit  der  gegenwartig  verbreiteten  Auffassung  von  der 
Abstammung  der  Wale  in  Einklang  zu  bringen,  aber  dièse  stellen 
doch  starke  Anforderungen  an  nnsere  Einbiklungskraft.  Der  Zerfall 
eines  normalen  Saugergebisses  in  die  ungeheure  Zahl  einfacher,  rep- 
tilienartiger  Zahne  eines  Delphins  ist  doch  ein  Vorgang,  den  wir  nur 
deshalb  fiir  moglich  halten,  weil  sonst  die  ausgedachte  Ableitung  der 
Waltiere  aufgegeben  werden  mnss.  Warum  soll  denn  fur  diesen  Fall 
das  Dollo'sche  Gesetz  der  Niclitumkehrbarkeit  der  Entwickknig 
keine  Gûltigkeit  besitzen?  Nicht  anders  Hegt  die  Sache  bei  der  Viel- 
gliedrigkeit  der  Finger.  Namenthch  seitdem  wir  durch  Kûkental 
wissen,  dass  im  embryonalen  Zustande  nie  weniger,  sondern  gleich- 
viel  oder  gar  mehr  FingergHeder  auftreten  als  im  Erwachsenen, 
erscheint  die  Ableitung  der  Waltierhand  von  der  normalghedrigen 
Sàugerhand  noch  mehr  erschwert  als  frûher.  Auch  nach  Leboucq's 
Meinung  hat  die  Cetaceenhand  primitim  Merkmale  bewahrt  und 
kann  von  der  normalen  Siiugerhand  nicht  abgeleitet  werden. 

Wenn  wir  jetzt  dazu  ûbergehen,  das  Problem  der  Ableitung  der 
Waltiere  von  der  palâontologischen  Seite  zu  beleuchten,  so  will  ich 
die  wenig  vollstandigen  F'unde  von  alttertiâren  Waltieren  zunâchst 
noch  nicht  erôrtern,  da  wir  sie  spâter  besser  verstehen  lernen  werden. 
\  ielmehr  frage  ich  zuniichst:  Wenn  sich  vvichtige  Bedenken  gegen  die 
Ableitung  der  Waltiere  von  Landsaugetieren  erheben,  werden  wir  dann 
nicht  darauf  gewiesen,  die  Frage  erns'tlich  zu  prûfen,  ob  nicht  die 
Meeresreptilien  der  mesozoischen  Zeit  als  ihre  Ahnen  angesprochen 
werden  dûrfen.  Trotzdem  die  Forschungen  der  letzten  Jahre  immer 
deutlicher  dargetan  haben,  dass  die  Meersaurier  mit  den  Waltieren 
noch  viel  weitergehende  Uebereinstimmungen  aufweisen,  aïs  man 
frûher  gewusst  hat,  z.  B.  beziiglich  des  Besitzes  von  Rûcken-  und 
Schwanzflossen,  der  Beschaffenheit  der  Gehôrknochen  und  der 
Lebensweise,  ist  man  einer  solchen  Untersuchung  doch  nie  ernstlich 
nâher  getreten.  Dièse  befremdliche  Tatsache  liisst  sich  nur  dadurch 
erklaren,  dass  die  Abstammungslehre  in  vicier  Beziehung  einen 
ausgesprochen  orthodoxen  Charakter  angenommen  und  einen  dem- 
entsprechenden  Einfluss  auch  auf  die  Untersuchungsmethoden  der 
von  ihr  beherrschten  Wissenszweige  ausgeûbt  hat.  Das  Dogma  von 
der  einheitlichen  Abstammung  zum  mindesten  aller  placentalen  Siiu- 
ger  hat  offenbar  jene  Môglichkeit  ganz  ausgeschlossen,  dafûr  aber 
eine  iippige  Litteratur  iiber  Konvergenzerscheinungen  zwischen  Meer- 
sauriern  und  Meersaugern  gezeitigt. 

Drei  grossere  Gruppen  von  INleersauriern  kônnen  wir  jetzt  durch 
die  mesozoische  Zeit  hindurch  mehr  oder  weniger  geschlossen  und 
scharf  von  einander  getrennt  verfolgen,  die  Ichthyosauria,  die  Ptero- 
sauria  und  die  Thalattosauria.  Einen  Einblick  in  den  Entwicklungs- 
gang  der  letztgenannten  Gruppe  haben  wir  erst  durch  die  jùngsten 
Forschungen  Merriams  erhalten,  die  uns  die   primitiven  Vorlâufer 
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der  lange  bekannten  Mosasaiirier  (Pythonomorphen)  auch  aus  dem 
Trias  aufgedeckt  haben.  Aile  drei  Gruppen  sind  von  vornherein 
diirch  eine  Reihe  von  anatomischen  Merkmalen  giit  von  einander 
geschieden,  und  dièse  werden  auch  wâhrend  der  mesozoischen  Zeit 
wesentlich  unvenindert  beibehalten.  Im  Gegensatz  dazu  àndern 
sich  andere  Merkmale  im  Laiife  der  Stammesgeschichte  bei  allen 
dreien  wesentlich  in  gleichem  Sinne  und  das  sind  diejenigen,  die 
wesentlich  durch  die  endgûltig  marine  Lebensweise  beeinflusst  werden. 
Tritt  die  Wandlung  eines  dieser  Merkmale  auch  bei  der  einen  Gruppe 
f rùher,  bei  der  andern  spâter  ein,  oder  lasst  sie  sich  bis  zum  Ende  der 
Kreidezeit  gar  nicht  oder  nur  andeutungsweise  feststellen,  so  ist  doch 
die  Richtung  dieser  Umbildungen  bei  allen  drei  Gruppen  wesentlich 
die  gleiche.  Hierher  gehort  z.  B.  die  Umwandlung  der  normalen 
Gliedmassen  in  Flossen  durch  Verkûrzung  der  proximalen  und  der 
Wurzelelemente  und  doch  Zunahme  der  Finger-  und  Zehenglieder, 
die  Herausbildung  von  Schwanzflossen,  das  Kleinerwerden  der  hin- 
teren  Gliedmassen  u.s.w.  Dièse  Erscheinungen  sind  gerade  in  der 
letzten  Zeit  so  reichlich  erôrtert  und  mit  den  âhnlichen  Umbildungen 
bei  anderen  im  Wasser  lebenden  Vierfùsslern  verglichen  worden,  dass 
ich  nicht  naher  darauf  einzugehen  brauche.  Nur  folgendes  môge 
hervorgehoben  werden:  an  den  IVIeersauriern  sehen  wir  tatsâchlich 
diejenigen  Umbildungen  langsam  entstehen,  die  nach  der  heutigen 
Auffassung  an  den  vorausgesetzten  sâugerartigen  Vorfahren  der 
Meersâuger  in  ungewôhnlich  kurzer  Zeit  vor  sich  gegangen  sein 
sollen,  und  die  Umbildungen  an  Meersauriern  fûhren  allgemein  zwar 
nach  dem  Zustande  hin,  in  dem  uns  die  Meersâuger  vom  Alttertiâr 
an  entgegentreten,  nicht  aber  ïiher  ihn  hinaus.  Die  Meersaurier  er- 
scheinen  hiernach  zeitlich  und  stammesgeschichtlich  als  eine  natûr- 
liche  Vorstufe  fiir  die  Meersâuger. 

Wir  fassen  nun  zunâchst  diejenigen  INIerkmale  ins  Auge,  durch 
die  sich  die  drei  ]Meersauriergruppen  von  einander  unterscheiden,  und 
betonen  dabei  die  dauernde  Vereiniçjung  mehrerer  solcher  Merkmale 
bei  jeder  der  drei  Gruppen.  Sie  sind  auf  der  beigefûgten  Tabelle 
ûbersichtlich  aufgefiihrt,  werden  aber  zweckmâssiger  Weise  auch 
noch  im  Zusammenhang  besprochen. 

Die  Ichthyosauria  erreichen  nur  eine  relativ  geringe  Kôrper- 
grbsse,  die  sich  i.  Allg.  zwischen  2-5  m  bewegt,  vereinzelt  aber  bis 
etwa  10  m  steigt.  Sie  zeigen  sich  am  friihesten  und  am  vollstândig- 
sten  an  den  Aufenthalt  im  Meere  angepasst,  was  besonders  in  der 
frùhen  Herausbildung  von  Schwanz-  und  Riickenflosse,  in  dem  Klei- 
nerwerden der  hinteren  Gliedmassen  und  in  der  schon  zur  Liaszeit 
senkrechten  Stellung  der  Nasengânge  hervortritt.  Am  Schâdel  ist 
bemerkenswert  die  Kombination:  langgestreckte  Schnauze  mit  zahl- 
reichen  (bis  iiber  200),  i.  Allg.  gleichen  Zâhnen,  die  in  einer  Furche 
stehen,  ein  im  Profil  gerundetes  Hinterhaupt,  ein  zusammengedrûckter 
Unterkiefer  mit  mehr  oder  weniger  langer  Symphyse.     Die  Kippen 
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sincl  zweikopfic;.  An  den  Gliedmassen  haben  wir  die  Kom})ination: 
vollsttindige  Alittdknochen,  starke  I^eberzahligkeit  der  Fiiigerglieder 
und  gelegentlich  ûberzahlige  Finger. 

Die  Plesiosauria  sind  durchschnittlicli  grosser  (5-15  m).  Der 
Kopf  ist  ausgezeichnet  durch  die  Kombinatioii:  im  Profil  steil  ab- 
gestutztes  Hinterhaupt,  schnige  Naseiigange,  geradlinig  zusammen- 
gedriickter  Unterkiefer  mit  mehr  oder  weniger  langer  Symphyse, 
nicht  sehr  zahlreiche,  meist  grosse  und  imgleiche,  fest  gefiigte  Zahne. 
Die  Ilumpfrippen  sind  einkôpfig,  aber  die  Rippen  des  langen  Ilalses 
haufig  zweikopfig.  Mit  einer  normalen  Fingerzahl  kombiniert  sich 
starke  Ueberziihligkeit  der  Fingerglieder  imd  schwach  reduzierte 
Zahl  der  Wiirzelknochen. 

Dièse  beiden  Gruppen  von  Meersauriern  stehen  in  vielen  Merk- 
malen  einander  sehr  nahe,  z.  B.  in  der  starken  UeberzJihligkeit  der 
Fingerglieder,  im  Bau  des  Unterkiefers  und  in  der  Beschaffenheit  der 
Ziihne.     Die  dritte  Gruppe  dagegen  weicht  erheblich  von  beiden  ab. 

Die  Thalattosauria  zeigen  folgende  Vereinigung  von  Merkmalen: 
Sie  erreichen  betrâchtliche  Grosse  (12  m).  Ihr  Hinterhaupt  ist  im 
Profil  gerundet,  die  Nasengânge  stehen  schrag.  Ausser  den  wenig 
zahlreichen  Kieferzâhnen  sind  Gaumenziihne  auf  Pterygoid  vor- 
handen.  Der  Unterkiefer  ist  eigenartig  gestaltet,  indem  bei  den 
jiingeren  Vertretern  (jNIosasauria)  mitten  im  Kieferaste  ein  Querge- 
lenk  auftritt  und  die  beiden  Aeste  nicht  durch  Symphyse,  sondern 
nur  durch  Band  verbunden  sind.  Durch  dièse  beiden  Eigentùmlich- 
keiten  konnte  der  Unterkiefer  so  stark  ausgeweitet  werden,  dass  der 
Oberkiefer  ganz  in  ihm  Platz  fand  und  die  Ziihne  wie  eine  Reuse  beim 
Aufnehmen  der  Nahrung  wirkten.  Das  massive  Quadratbein  ist  ha- 
kenfôrmig  umgebogen  und  umschliesst  den  Gehôrgang.  Die  Glied- 
massen zeigen  stark  reduzierte  Mittelknochen  und  nur  schwache 
Hyperphalangie,  gespreizte  und  nie  ûberziihlige  Finger  oder  Zehen. 

Untersuchen  wir  nun  die  heutigen  Wale  daraufhin,  ob  die  erwahn- 
ten  Reptilienmerkmale  bei  ihnen  vorhanden  und  wie  sie  verteilt  sind, 
so  zeigt  sich  f  olgendes  ûberraschende  Résultat  :  Bekanntlich  hebt  sich 
die  Gruppe  der  Bartenwale  so  scharf  gesondert  von  der  IMehrzahl 
der  Wale  ab,  dass  man  fiir  sie  heute  nur  noch  einen  sehr  entfernten 
Zusammenhang  mit  den  ûbrigen  Waltieren  annimmt.  Die  Zahnwale 
bilden  daneben  eine  zweite,  viel  umfangreichere,  geschlossene  Gruppe. 
Dièse  Scheidung  entspricht  dem  Umfange  nach  dem  weiten  Abstande 
zwischen  den  wenig  formenreichen  Thalattosauriern  einerseits  und 
den  zahlreichen  Formen  der  Ichthyosaurier  und  Plesiosaurier  andrer- 
seits.    Betrachten  wir  nun  zuniichst  die  Bartenwale. 

Wir  trefîen  bei  den  Mystacocoeti  eine  wesentlich  gleiche  Kom- 
bination  von  jXIerkmalen  an  wie  bei  den  Thalattosauriern,  und  gewisse 
Abweichungen  bei  den  Bartenwalen  lassen  sich  vielfach  aus  dem 
primitiven  Zustande  der  Thalattosaurier  ungezwungen  ableiten. 
Mit  der  gewaltigen  Grosse  der  Bartenwale  kombinieren  sich  das 
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gerundete  Hinterhaupt  und  die  schrâgen  Nasengânge.  Die  Unter- 
kieferaste  sind  wie  bei  diesen  Reptilien  nur  durch  Band  verbunden; 
sie  sind  zwar  nicht  mehr  in  sich  gelenkig,  aber  sie  sind  bogig  ausge- 
weitet,  so  dass  der  Oberkiefer  sich  zwischen  sie  hineinsenken  kann. 
Dass  die  Vorfahren  der  Bartenwale  Zâhne  besassen,  erscheint  ausge- 
macht,  aber  wie  kônnen  wir  uns  einen  geeigneteren  Aiisgangspunkt 
fur  die  Ersetzung  der  Ziihne  durch  Barten  und  fur  die  Entstehung 
des  damit  verbundenen  Seihapparates  denken,  als  die  Thalatto- 
saurier,  deren  Oberkiefer  in  den  Unterkiefer  eingesenkt  und  deren 
Gaumenzahne  neben  den  Kieferzahnen  als  Reusen  wirken  konnten? 
Ganz  unabhangig  von  dieser  Besonderheit  steht  die  ûbereinstimmende 
Form  des  Quadratums  der  Thalattosauria  und  der  bulla  ossea  der 
Bartenwale,  auf  die  schon  mehrfach  hingewiesen  worden  ist.  Ebenso 
muss  die  Einkôpfîgkeit  aller  Rippen  bei  Thalattosauriern  und  bei 
Bartenwalen  als  eine  aufïallende  Uebereinstimmung  verzeichnet 
werden,  da  auch  dièses  Merkmal  zu  den  ûbrigen  in  keiner  Beziehung 
steht.  Schliesslich  die  Gliedmassen:  Die  gespreizten,  schwach 
hyperphalangen  Finger  der  Thalattosaurier  kehren  bei  den  Bar- 
tenwalen in  âhnlicher  Ausbildung  wieder;  z.  B.  finden  wir  bei  diesen 
auch  im  Gegensatz  zu  den  Zahnwalen  die  mehr  oder  weniger  ausge- 
sprochen  symmetrische  Ausgestaltung  des  Handskeletts  der  Thalatto- 
saurier. 

Innerhalb  der  Zahmvale  lassen  sich  die  beiden  ungleich  grossen 
Gruppen  der  Physeteroidea  und  Delphinoidea  trotz  weitgehender 
Uebereinstimmungen  i.  AUg.  doch  gut  von  einander  scheiden.  Habi- 
tuell  z.  B.  nach  der  Form  des  Hinterhauptes,  das  i.  Allg.  bei  den 
ersteren  stark  erhôht  ist  und  steil  abfàllt,  bei  den  letzteren  dagegen 
niedriger  und  gerundet  ist,  ganz  ahnlich  demVerhalten  derPlesiosauria 
und  Ichthyosauria.  Auch  in  der  Kôrpergrôsse  und  in  der  Art  der  Be- 
zahnung  zeigt  sich  ein  âhnliches  Verhalten;  denn  wie  die  Plesiosauria 
so  sind  auch  die  Physeteroidea  i.  Allg.  durch  Ungleichheit  der  spar- 
licheren  Zâhne  ausgezeichnet  gegeniiber  den  Delphinoidea,  die  i.  Allg. 
eine  sehr  grosse  Zahl  gleicher  Zâhne  mit  den  Ichthyosauria  teilen. 
Kiikental  hat  gezeigt,  dass  bei  den  Physeteroidea  in  der  mehr  ge- 
raden  Flosse  die  2.  und  3.  Finger  am  lângsten  sind,  wâhrend  bei  den 
Delphinoidea  die  Flosse  stârker  gekrùmmt  ist  und  der  2.  Finger  an 
Grosse  und  Phalangenzahl  die  andern  ûbertrifît.  Auch  das  scheint 
nicht  schlecht  zu  harmonieren  mit  dem  âhnlichen  Verhalten  bei  den 
beiden  entsprechenden  Reptilgruppen. 

Bei  einem  Vergleiche  der  Physeteroidea  mit  den  Plesiosauria  er- 
geben  sich  gewisse  Unterschiede,  die  scheinbar  einer  Zunickfûhrung 
dieser  Sâugergruppe  auf  die  entsprechende  Reptilstufe  entgegen- 
stehen,  z.  B.  die  Lage  der  Nasengânge,  die  bei  den  Physeteroidea 
senkrecht  stehn,  bei  clen  Plesiosauria  dagegen  schrâg.  Dieser  Unter- 
schied  kann  jedoch  nicht  weiter  auffallen,  wenn  man  bedenkt,  dass 
die  âusseren  Xasenlocher  bei  den  Walen  im  Laufe  der  Zeit  allgemein 


DIE  PALAONTOLOGIE   FUR  DIE  ABSTAMMUNGSLEHRE     725 

nach  hinten  geriickt  sind;  die  fossilen  Funde  zeigen  dann  auch,  wie  wir 
sehen  werden,  dass  ziir  Eociinzeit  bei  den  Physeteroidea  (Archaeocoeti) 
noch  das  altertumiiche  IMerkmal  vorhanden  war. 

Die  Delphinoidea  weisen  eine  iingleich  (]i;rossere  IMannifjfaltig- 
keit  der  Gestaltung  auf  als  die  beiden  anderen  Gruppen  von  Waltieren. 
Schon  hierin  liegt  eine  bemerkenswerte  Uebereinstimmiuig  mit  den 
Ichthyosauria,  denn  auch  dièse  enthalten  sehr  verschiedene  Gestal- 
ten,  von  kleinen,  ca.  2  m  grossen  Tieren  an  bis  zu  den  Riesengestalten 
von  mehr  als  10  m  Lange.  Aber  ehe  wir  festznstellen  versuchen,  ob 
und  wie  weit  die  beiden  Gruppen  auch  im  Einzehien  ubereinstimmen, 
môgen  einige  Merkmale  erwiïhnt  werden,  die  zumeist  auschhessHch 
bei  Ichthyosauria  und  Delphinoidea,  wenn  auch  nicht  allgemein 
verbreitet,  vorkommen, 

Dahin  gehôrt  z.  B.  die  Zahnrinne,  in  der  bei  den  Ichthyosauriern 
die  gewôhnlich  sehr  zahlreichen  Ziihne  eingebettet  liegen.  Bei 
manchen  heutigen  Delphinen,  wie  bei  Phocaena  communis,  stehen 
sie  so  dicht,  dass  sie  nur  durch  dûnne,  leicht  zerbrechliche  Knochen- 
lamellen  getrennt  werden  (das  kommt  ûbrigens  auch  bei  Physeter  vor). 
Aber  bei  mehreren  Platanistiden  (die  die  meisten  altertûmlichen 
Merkmale  bewahrt  haben)  ist  auch  die  Rinne  vorhanden,  bei  Ceto- 
rhynchus  (^liocân)  angeblich  der  ganzen  Lange  nach  mit  Zahnen 
besetzt,  bei  Agabelus  Cope  (jNIiocân)  ohne  Zahne,  wâhrend  bei 
Eurhinodelphis  (Miocàn)  die  Zahnreihe  nach  vorne  in  eine  zahnlose 
Rinne  fortsetzt. 

Die  Ichthyosauria  sind  die  einzigen  Reptilien  mit  iiberzâhliger 
Fingerzahl.  Bekanntlich  hat  nun  Kùkental  nachgewiesen,  dass  beim 
Embryo  von  Delphinapterus  ein  iiberzâhliger  sechster  Finger  vor- 
handen ist.  Dieser  hat  dieselbe  Lage  wie  der  grosse  ûberzâhlige 
siebente  Finger  bei  Ichthyosaurus  communis.  Dass  nun  dièse  in  der 
Sâugerwelt  einzig  dastehende  Hyperdaktylie  gerade  bei  einem  Del- 
phin,  und  zwar  in  der  bei  Ichthyosaurus  bekannten  Form,  und  auch 
wie  bei  Ichthyosaurus  communis  an  einer  kurzen,  breiten  Flosse  auf- 
tritt,  ist  gewiss  eine  merkwûrdige  Erscheinung. 

Wenn  man  aber  die  Ueberzâhligkeit  bei  Delphinapterus  fur  eine 
Neubildung  erklârt,  wie  das  geschehn  ist,  so  mûsste  doch  ein  bestimm- 
ter  Grund  fur  eine  solche  Deutung  vorliegen;  das  ist  aber  meines 
Wissens  nicht  der  Fall.  Im  Gegenteil,  da  nach  Kiikental  ein  geson- 
dertes  Band  sowohl  auf  der  Innenseite  wie  an  der  Aussenseite  an  den 
sechsten  Finger  geht,  kann  es  sich  doch  wohl  nur  um  eine  rudimentàre 
Bildung  handeln. 

Bei  einigen  Delphiniden,  z.  B.  bei  Phocaena  und  Neomeris,  sowie 
bei  der  nahestehenden  jungmiocânen  Delphinopsis  hat  man  bekannt- 
lich am  Vorderrande  der  Brustflossen  und  der  Rûckenflosse  oder 
auch  an  den  Seitenrândern  der  Schwanzflosse  das  Auftreten  kleiner, 
bald  mehr,  bald  weniger  kalkhaltiger  Plâttchen  oder  Tuberkeln 
beobachtet.    Man  hat  daraus  sogar  den  kûhnen  Schluss  gezogen,  dass 
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die  Vorfahren  der  Wale  zur  Kreidezeit  panzertragende  Landsauger 
gewesen  sein!  Ist  es  wieder  ein  reiner  Zufall  und  niir  Konvergenz, 
dass  ahnliche  Gebilde  unter  den  ]Meeresreptilien  bisher  nur  an  den 
paarigen  Flossen  zweier  Arten  von  Ichthyosaurus  nachgewiesen 
worden  sind? 

Ferner  finden  sich  bei  manchen  Delphiniden,  z.  B.  bei  Phocaena 
communis,  auffallend  kurze  und  zahlreiche  Wirbelkorper;  sie  gleichen 
sehr  den  bekannten  Ichthyosaurier  —  \Yirbelkôrpern  von  damen- 
brettartiger  Form,  wahrend  die  Wirbelkorper  sowohl  der  Thalatto- 
sauria  und  Plesiosauria,  als  auch  der  Bartenwale  und  Physeteroidea, 
nie  dièse  bezeichnende  Gestalt  aufweisen. 

Piûckenflossen  kommen  Waltieren  aus  allen  drei  Gruppen  zu; 
aber  die  stiirkste  Entwicklung  erfahren  sie  bei  manchen  Delphiniden 
von  rein  mariner  Lebensweise,  wie  beim  Schwertwal  (Orca).  Nun 
wissen  wir,  dass  die  Ichthyosaurier  schon  zur  Jurazeit  z.  T.  sehr 
stark  ausgebiklete  Rûckenflossen  besessen  haben,  wahrend  iiber  das 
Auftreten  einer  Ruckeiiflosse  bei  den  beiden  andern  Reptilgruppen 
nic'hts  bekannt  ist. 

Fine  Furche  an  der  Aussenseite  des  Unterkiefers  ist  nur  bei 
Delphinoidea  beobachtet  worden;  unter  den  Meeresreptihen  sind 
bekanntlich  nur  die  Ichthyosauria  durch  dies  Merkmal  ausgezeichnet. 

Um  nicht  einfôrmig  zu  werden,  will  ich  diesen  ausgiebigen  Ge- 
genstand  nicht  ganz  erschôpfen,  und  zu  einer  kurzen  Besprechung 
einzehier  Gruppen  der  Delphiniden  ùbergehen.  Ich  hebe  einige  be- 
sonders  auffallige  Typen  hervor.  Das  sind  einmal  die  Platanistiden. 
Sie  sind Bewohner  des  sûssenWassers,und  wirmûssten  daher  erwarten, 
dass  sie  die  urspriuiglichen  Saugermerkmale  am  besten  festgehalten 
hiitten,  wenn  die  Waltiere  aus  Landsaugern  entstanden  wâren.  Nun 
besitzen  aber  gerade  sie  eine  sehr  lange,  schmale  zusammengedrûckte 
Schnauze,  durchgangig  zahlreiche  Ziihne  und  eine  sehr  lange  Unter- 
kief  ersymphy se  ;  zudem  kommen  allein  bei  ihnen  unter  allen  Del- 
phinoidea die  schon  erwahnten  Ichthyosaurien-jMerlanale  vor:  eine 
Zahnrinne  und  die  Aussenrinne  des  Unterkiefers. 

Wir  finden  also  gerade  das  Gegenfeil  von  dem,  was  wir  erwarten 
sollten:  nicht  Alerkmale  von  raubtierartigen  Landsaugern  haben  die 
Sûsswasserdelphine  im  Vergleich  zu  ihren  marinen  Verwandten  be- 
wahrt,  sondern  lauter  solche  ^Nlerkmale,  die  die  Ichthyosaurier, 
und  insbesondere  eine  kleine  Gruppe  von  ihnen,  auszeichnen.  Ver- 
standlich  wird  dies  Verhalten  sofort,  wenn  wir  die  Platanistiden  als 
Naclîkommen  der  meeresbewohnenden  Ichthyosaurier  auffassen, 
die  ins  Sùsswasser  iibergegangen  sind.  Sie  rûcken  dann  in  dieselbe 
Kategorie  von  Sûsswasserformen  mit  primitiven  ]Merkmalen,  wie 
die  Panzersiluriden,  Ceratodus,  Lepidosteus,  Amia  u.s.w.,  die  als 
Sùsswasserbewohner  ebenfalls  mit  altertûmlichen  Merkmalen  behaf- 
tet  geblieben  sind,  wahrend  ihre  Verwandten  den  umbildenden  Ein- 
fliissen  des  ^Nleeres  ausgesetzt  und  veriindert  worden  sind.    Wahrend 
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nun  die  Platanistiden  mit  ihrer  f^erinojen  Korpergrôsse,  ihrer  langen 
Schnauze  und  Unterkiefersymphyse  und  mit  den  zahireichen,  spitzi- 
gen,  z.  T.  fast  nadelformigen  Ztihnen  sich  der  Gruppe  der  kleinen 
langschnauzigen  Ichthyosaurier  (Ichth.  tenuirostris)  ungezwungen 
zur  Seite  stellen,  findet  der  seit  Obermiocan  iiicht  mehr  hekannte 
Eurlîinodelphis  mit  meterlangem  Schadel  und  enorm  verlaiigerter 
Schiiauze  sein  Gegenstûck  in  der  Gruppe  des  5  m  langen  Ichthyo- 
saurus  longirostris,  dessen  Schnauze  ahnlich  unproportioniert  ist. 

Das  andere  Extrem  der  Delpliinidae  sind  die  Orcidae  (Orca, 
Pseudorca),  bekanntlich  bis  10  m  grosse  Aleerestiere,  mit  kurzer 
Symphyse  und  nicht  sehr  zahireichen,  aber  sehr  starken  und  ent- 
fernt  stehenden  Ziihnen.  Die  gleiche  Kombination  derMerkmale  trifft 
man  bei  der  Gruppe  gewaltiger  Ichthyosaurier  wieder,  die  durch 
Icht.  ingens  Theod.  u.  Vorw.  bezeichnet  wird;  nur  sind  die  Zâhne 
hier  zahlreicher. 

Dièse  Beispiele  diirften  genûgend  dartun,  dass  die  Kombination 
bestimmter  ]\Ierkmale  sich  nicht  etwa  nur  auf  die  Gruppen  der 
Ichthyosaurier  und  Delphinoidea  im  Allgemeinen,  sondern  auch  auf 
einzelne  Abteilungen  derselben  erstreckt.  Sie  fûhren  uns  zugleich 
die  Tatsache  vor,  dass  Formenfûlle  und  \  ariationsbreite  sich  bei 
beiden  in  bemerkenswerter  Weise  decken. 

Die  fossilen  Wale,  i.  b.  die  wenigen  alttertiâren  Reste,  die  man 
bis  jetzt  kennt,  liefern  nach  der  Ansicht  mancher  Forscher  eine 
wichtige  Stiitze  fur  die  Ableitung  der  Wale  von  raubtierahnlichen 
Landtieren.  Wie  stellen  sich  denn  dièse  wesentlich  nur  ans  Schadeln 
bestehenden  Reste  zu  der  Ableitung  aus  den  Meeresreptilien?  Fiir 
die  eocânen  Archaeocoeti  und  Protocoeti  ist  vor  allen  zu  betonen, 
dass  verschiedene  Merkmale,  die  als  solche  von  Landsaugern  bezeich- 
net werden,  mindestens  mit  der  gleichen  Berechtigung  als  solche  von 
]\Ieersauriern  angesehen  werden  kônnen,  wie  die  vollstândige  Be- 
zahnung  der  Kiefer,  die  nach  vorn  geriickte  Lage  der  Nasenlôcher 
u.  a.  m.  Ebensowenig  darf  die  Vielwurzeligkeit  der  Zâhne  als  ein 
ausschliessliches  Sâugermerkmal  aufgefasst  werden,  denn  es  kommt 
auch  bei  Reptilien  (Ceratopsiden)  vor.  Manche  ]\Ierkmale  sind  aber 
als,  reptilienartig  zu  bezeichnen  und  harmonieren  schlecht  mit  einer 
Ableitung  von  Creodontiern  oder  âhnlichen  primitiven  Sâugern,  so 
die  betrâchtliche  postorbitale  Verbreiterung  der  Stirn,  die  den  gera- 
den,  nicht  bogig  ausladenden  Jochbogen  deckt,  die  Form  des  Unter- 
kiefers  und  die  flachen,  dreieckigen,  an  Vorder-  und  Hinterrand 
vielfach  gekerbten  Zâhne.  Bei  Sâugern  finden  sich  derartige  Zâhne 
nicht,  wohl  aber  âhnlich  bei  lebenden  und  fossilen  Reptilien,  wie 
Iguana,  Iguanodon,  Scelidosaurus,  Trachodon.  Dieser  ausgespro- 
ehenen  Aehnlichkeit  mit  Reptilzâhnen  steht  freilich  die  Tatsache 
gegeniiber,  dass  die  Backzâhne  der  Protocoeti  gewisse  Anklânge  an 
das  Gebiss  von  Creodontiern,  i.  b.  Sinopa  aufweisen;  doch  geht  dièse 
Uebereinstimmung  nicht  sehr  weit,  und  es  ist  wohl  mehr  Geschmacks- 
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sache,  wie  man  sie  im  Vergleich  zu  der  Reptilâhnlichkeit  der  Archaeo- 
coetenzahne  einschâtzen  will.  Dass  die  z.  T.  gewaltige  Grosse  der 
Archaeocoeti,  die  der  grossen  Plesiosauria  und  der  Pottwale  gleich- 
kommt,  selbst  mit  einer  unheimlich  raschen  Herausbildung  ans  fuchs- 
grossen  Landtieren  einer  unmittelbar  vorhergehenden  Zeitperiode 
schwer  zu  vereinen  ist,  wurde  schon  bemerkt.  Besonders  wichtig  fur 
die  Auffassung  der  eocânen  Wale  scheint  mir  aber  die  Tatsache  zu 
sein,  dass  man  sie  nach  der  Bezalinung,  nach  der  Form  des  Schiidels, 
nach  dem  Vorhandensein  einer  Unterkiefersymphyse  und  nach  der 
Zweikôpfigkeit  der  Rippen  ohne  weiteres  in  die  Linie  einreihen  kann, 
die  ich  von  den  Plesiosauria  zu  den  Physeteroidea  gezogen  habe,  ohne 
dabei  dièse  Funde  von  zwischenhegendem  Alter  zu  berùcksichtigen. 

Die  zweite  Gruppe  altertiimUcher  Wale  (Eocân  bis  ]\Iiocan)  sind 
dis  Squalodontidae.  Sie  sind  nach  dem  gerundeten  Hinterhaupt 
der  verlângerten  Schnauze,  den  zahlreichen  Ziihnen  u.  a.  m,  ebenso 
ausgesprochene  Delphinoidea,  wie  die  Archaeocoeti  Physeteroidea 
sind;  das  haben  schon  Lydekker  und  Zittel  ausdriicklich  hervorge- 
hoben.  JVIan  darf  sie  daher  auch  nicht  als  Xachkommen  der  Archaeo- 
coeti betrachten.  Aber  sie  zeigen  gleich  diesen  dreieckige,  blattfôrmige 
Hinterzâhne  mit  gekerbten  Kanten.  Dass  sich  dièse  Art  der  Zahn- 
bildung  in  den  beiden  getrennten  Reihen  der  Ichthyosauria-Del- 
phinoidea  und  der  Plesiosauria-Physeteroidea  unabhiingig  heraus- 
gebildet  habe,  erscheint  nicht  weiter  auffàllig,  da  wir  sie  auch  bei 
Reptilien  und  Fischen  wiederfinden.  Warum  wird  sie  bei  den  jûngeren, 
speziell  bei  den  lebenden  nicht  mehr  beobachtet?  Da  die  blattfor- 
migen  Kerbzahne  nur  hinten  im  Kiefer  erscheinen,  wiihrend  die 
vorderen  Zâhne  kegelfôrmig  bleiben,  so  diirften  in  beiden  Gruppen 
die  Nachkommen  heute  unter  zahnlosen  oder  unter  solchen  Formen 
zu  suchen  sein,  deren  Kiefer  nur  noch  vorn  Ziihne  tragen,  wie  die 
Ziphiinae,  Delphinapterus,  Globiocephalus  u.  a.  Die  embryonalen 
Hinterzâhne  von  Phocaena  besitzen  nach  Kûkental  ebenfalls  blatt- 
fôrmige Verbreiterungen  mit  seitlichen  Kerben,  und  âhneln  dadurch 
in  gewàssem  Grade  den  Squalodonzâhnen. 

Die  Funde  von  fossilen  Walen,  sowohl  die  eben  besprochenen 
altertiimlichen,  als  auch  die  jûngeren,  die  sich  den  lebenden  Vertre- 
tern  ausserordentlich  enge  anschliessen,  lassen  sich,  wie  mir  scheint, 
mit  der  hier  vertretenen  Art  ihrer  Abstammung  weit  besser  in  Ein- 
klang  bringen,  als  mit  der  jetzt  ûblichen.  Sie  gehen  so  gut  wie  restlos 
darin  auf ,  wâhrend  die  andere  Auffassung  eine  Reihe  ungewôhnlicher 
und  schwer  begreiflicher  Vorgânge  voraussetzt,  die  plôtzliche  Heraus- 
bildung voUstândig  angepasster  Meerriesen  aus  kleinen  Landsâugern, 
Vermehrung  der  Zâhne  und  Verlângerung  der  Kiefer,  im  offenen 
Widerspruch  mit  sonst  beobachtbaren  Vorgângen  bei  Wassersâugern 
und  so  vieles  andere. 

Besonders  schwer  lâsst  sich  mit  der  jetzt  herrschenden  Auffas- 
sung die  oben  ausfûhrlich  dargelegte  Tatsache  vereinigen,  dass  bei  den 
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■Meersaugern  eine  grosse  Reihe  von  Erscheinungen  wiederkel^.rt,  die 
bei  deii  Jilteren  Meersauriern  auftreten.  Soweit  es  sich  dabei  um 
jNIerkmale  handelt,  die  nur  ein  Ausfluss  der  gleichen  Lebensweise 
beider  Organisationsstufen  sind,  kommen  sie  fiir  hier  nicht  in  Be- 
tracht.  Ratselhaft  erscheint  nur  die  Wiederkehr  rein  morpholo- 
gischer  INIerkmale,  die  niclit  durch  die  Lebensweise  hervorgerufen 
sein  konnen. 

Dièse  konnen  zureichend  als  Konvergenzen  erkliirt  werden;  wo- 
bei  es  immerhin  als  hôchst  auffallig  bezeichnet  werden  muss,  dass 
die  Wale,  soweit  wir  ùber  ihre  Vorgeschichte  unterrichtet  sind,  etwa 
mit  der  Hôhe  von  Umbildung  beginnen,  auf  der  die  Meersaurier  am 
Ende  der  mesozoischen  Zeit  angekmgt  waren.  Aber  es  fehlt  uns 
jede  Erklârung  fur  die  Wiederkehr  jener  Merkmale,  und  besonders 
der  dauernden  Vereinigung  verschiedener  Merkmale,  die  von  der 
marinen  Lebensweise  vollstiindig  unabhàngig  erscheinen.  Welch 
merkwûrdiger  Zufall  sollte  es  gefûgt  haben,  dass  bei  der  Heraus- 
bildung  der  Landsiiuger  wieder  gerade  drei  Gruppen  entstanden  sind, 
von  denen  die  eine,  verhiiltnismassig  kleine  (Mystacocoeti),  den 
beiden  andern,  in  mehrfacher  Beziehung  ûbereinstimmenden  Grup- 
pen (Odontocoeti)  scharfer  abgesondert  gegenùbersteht?  Dass  in  den 
beiden  Abteilungen  der  Odontocoeti  sich  wieder  gerade  die  Kombina- 
tion  von  Merkmalen  wiederholt,  die  sich  zu  einer  weit  zurûckliegen- 
den  Zeit  im  frùhesten  Stadium  der  Reptilwerdung  bei  Ichthyosauria 
und  Plesiosauria  eingestellt  haben.  Eine  wiederholte  Entstehung 
derselben  morphologischen  Merkmale  auf  gleicher  Grundiage,  etwa 
im  Sinne  der  iterativen  Artbildung  Kokens,  konnen  wir  begreifen  ;  fur 
eine  derartige  weitgehende  jNlimicry,  w^e  der  Darwinist  vielleicht 
sagen  wûrde,  fehlt  uns  aber  jedes  Verstandnis.  Sind  wir  also  vor  die 
Entscheidung  gestellt,  ob  wir  dièse  Erscheinung  auf  Vererbung 
zurûckfûhren  soUen,  oder  ob  wir  irgend  eine  andere,  in  jedem  Falle 
unwahrscheinliche  Erklârung  zu  Hilfe  nelimen,  so  kann  die  Wahl 
nicht  zweifelhaft  sein. 

Wir  haben  die  Frage  nach  dem  Ursprung  der  Waltiere  von  drei 
verschiedenen  Standpunkten  ans  zu  prûfen  versucht,  vom  geolo- 
gischen,  vom  vergleichend  anatomischen  und  vom  palâontologischen. 
In  allen  drei  Fàllen  haben  w'ir  das  gleiche  Ergebnis  zu  verzeichnen: 
das  geologische  Auftreten,  w^ie  die  uns  bekannten  Eigentiimlichkeiten 
der  lebenden  und  fossilen  Wale  lassen  sich  weitaus  besser  verstehen, 
wenn  wir  sie  von  den  realen  Gestalten  der  drei  IMeersauriergruppen 
der  mesozoischen  Zeit  herleiten,  als  wenn  wir  sie  auf  unbekannte 
Landtiere  der  Kreide  oder  des  âltesten  Tertiârs  zurûckfûhren.  Es 
braucht  nach  den  obigen  Ausfûhrungen  kaum  noch  besonders  her- 
vorgehoben  zu  werden,  dass  wir  uns  die  Abstammung  ûberhaupt 
nicht  nach  der  landlâufigen  Art  und  Weise  vorstellen,  d.  h.  nicht 
durch  Abzweigung  je  einer  LIebergangsform  von  den  drei  Gruppen 
der  Meersaurier,  aus  der  dann  durch  weit  ausholende  Verânderlichkeit 
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die  î'ormenfûlle  jeder  einzelnen  der  drei  Gruppen  von  Meersâugern 
entstanden  wâre,  vielmehr  in  der  Weise,  dass  ans  aJIen  Arten  der 
drei  Gruppen  von  jVIeeresreptilien  an  Grosse,  Habitus  und  anato- 
mischem  Bau  ganz  âhniiche  ^Vleersâiiger  geworden  sind  (soweit  nicht 
eben  einzelne  Arten  durch  Naturvorgânge  vernichtet  und  von  der 
Weiterentwicklung  ausgeschaltet  worden  sind). 

Verhindert  auch  die  Dùrftigkeit  des  fossilen  Materials,  heute 
schon  den  Nachweis  hierfiir  im  Einzelnen  zu  fûhren  (Anhaltspunkte 
dafûr  sind  schon  reichlich  vorhanden),  so  darf  doch  dièse  Art  des 
L  mbiklungsvorgangs  als  die  einzig  môgliche  gelten,  denn  nur  wenn 
wir  jede  einzelne  Walform  mit  einer  an  Grosse,  Habitus  u.s.w.  âhn- 
lichen  iilteren,  und  dièse  wieder  mit  einer  einzelnen  entspreclienden 
Saurierform  in  Verbindung  bringen,  lôsen  sich  aile  Schwierigkeiten 
leicht  und  einfach,  die  die  jetzige  Auft'assung  so  schwer  begreiflich 
machen;  lassen  doch  auch  weder  die  Physeteroidea  noch  die  Del- 
phinoidea  ein  Konvergieren  nach  einer  gemeinsamen  Ausgangsform 
erkennen. 

j\Ieine  Auffassung  steht  also  im  vollstândigsten  Gegensatz  zu 
der  jetzt  ûblichen.  Nicht  durch  Abspalten  einer  "Urform"  sind  die 
Sâuger  ans  den  Reptilien  hervorgegangen,  sondern  es  sind  aile  die 
Sauriergruppen  der  mesozoischen  Zeit,  soweit  sie  nicht  bis  heute 
auf  der  Stufe  der  Reptilien  stehen  geblieben  sind,  zu  Sâugern  ge- 
worden, und  dieser  Umbildungsvorgang  hat  sich  nicht  an  einzelnen 
auserlesenen  Formen  voUzogen,  sondern  ist  im  breiten  Strome  der 
vorhandenen  Ordnungen,  Familien  und  Arten  oder  gar  Rassen  erfolgt. 
Wâhrend  man  heute  allgemein  annimmt,  dass  der  Sâugertypus, 
wenigstens  der  placentale,  nur  ein  einziges  jNIal  im  Laufe  der  Zeit 
entstanden  ist,  dass  dagegen  die  Mannigfaltigkeit  der  F'ormgestal- 
tung  sich  oft  bis  in  den  kleinsten  Einzelheiten  ûbereinstimmend  in 
aufeinander  folgenden  Organisationsstufen,  wie  Reptilien  und  Sàuger 
wiederholt  hat,  gilt  mir  die  auf  einer  niederen  Organisationsstufe 
einmal  entstandene  Form  als  das  Bestandige  und  nur  in  geringem 
Maasse  Umbildbare,  die  Organisationsstufe  dagegen  als  das  bei  allen 
Formen  im  Laufe  der  Zeit  im  gleichen  Sinne  \"eranderliche,  wenn 
gleiche  Bedingungen  andauernd  auf  sie  einwirkten.  Hiernach  ist  die 
Entstehung  einer  neuen  Organisationsstufe  nicht  das  mehr  oder 
minder  zufâllige  Erzeugnis  einer  gelegentlich  auftretenden  Variation 
und  der  Gunst  der  zufâlligen  Umstânde,  die  gerade  dièse  Variation 
vor  dem  Untergange  durch  die  nie  ganz  ausschaltbaren  geologischen 
Vorgange  geschiitzt  hat.  Sie  ist  vielmehr  ein  notwendiges,  und 
damit  gesetzmâssiges  Produkt,  der  Abschluss  einer  allmahlichen 
Umbildung  durch  eine  bestimmte  Lebensweise,  einer  Umbildung, 
die  aile  davon  ergrifîenen  Individuen  im  gleichen  Sinne  betroffen  hat. 
Zweifellos  ist  die  Umbildung  der  Meersaurier  in  JNIeersauger  nicht 
bei  allen  Vertretern  zu  gleicher  Zeit  eingetreten,  wohl  aber  kônnen 
wir  begreifen,  dass  dieser  Vorgang  sich  innerhalb  eines  nicht  zu  eng 
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bemessenen  Zeitraums  abgespielt  hat,  da  die  drei  Gruppen  von  Mee- 
resreptilien,  soweit  wir  wissen,  wahrend  des  grossten  Tcils  der  me- 
sozoischen  Zeit  wesentlich  unter  den  gleichen  Lebeiisverhaltiiisseii 
bestanden  liaben.  Wie  lang  wir  den  Zeitraum  veranschlagen  sollen, 
der  die  jûngsten  ]\Ieeresbildnngen  der  Kreide  mit  ihren  Resten  von 
]\Ieersauriern  vom  mittleren  Eocân  mit  den  iiltesten  Resten  von  Phy- 
seteroidea  trennt,  wissen  wir  nicht;  er  kann  immerhin  viel  grosser 
sein  aïs  wir  gewohnlich  meinen.  Aber  in  diesen  Zeitraum  hinein 
fallen  dann  innerhalb  jeder  der  drei  Gruppen  die  wichtigsten  Umbil- 
dungen  im  Skelett,  bis  im  Kopfskelett,  durch  die  sich  Reptilien  und 
Sâuger  von  einander  unterscheiden  :  Ausschaltung  des  Quadratbeins 
ans  dem  Kiefergelenk,  Verschmelzung  der  Unterkieferknochen  und 
Verkiirzung  des  Kiefers,  Bildung  eines  doppeltem  Gelenkkopfs  am 
Hinterhaupt  u.s.w.,  wahrend  iiber  die  Aenderung  der  Fortpflanzung 
und  der  damit  zusammenhiingenden  Merkmale  nichts  genaues  be- 
kannt  ist.  Nur  von  den  Ichthyosauriern  wissen  wir  bestimmt,  dass 
sie  zur  Liaszeit  schon  lebendig  gebiirten  und  dass  die  Reduktion  der 
Wirbelsiiule  innerhalb  der  noch  senkrechten,  aber  beim  Gebrauche 
wohl  umgelegten  Schwanzflosse  schon  recht  weit  vorgeschritten  war. 
Fur  eine  richtige  Beurteilung  der  Frage,  die  uns  hier  beschiiftigt, 
i.  b.  der  gesetzmàssigen  Umwandlung  der  Reptilien  in  Sâuger,  scheint 
mir  noch  folgende  Betrachtung  von  Wichtigkeit  zu  sein.  Von  den 
zahlreichen  Ordnungen  der  Saurier,  die  das  Wasser,  das  Land  und 
die  Luft  wahrend  des  grôsstgn  Teils  der  mesozoischen  Zeit  bevolkert 
haben,  bestehn  nur  wenige  kaum  verândert  bis  heute:  Crocodilia  und 
Testudinata,  deren  Entwicklungsgang  wir  ziemlich  vollstândig  ken- 
nen,  Lacertilia  und  Ophidia,  ûber  deren  Vorgeschichte  wir  nur  sehr 
mangelhaft  unterrichtet  sind.  Dièse  Abteilungen  haben  die  ursprùng- 
liche  Lebensweise  der  Kriechtiere  beibehalten,  es  sind  trâge  Tiere 
mit  langsamen  oder  doch  nur  vorûbergehend  hastigen  Bewegungen 
und  mit  wenig  kontinuirlicher  Nahrungsaufnahme.  Dieser  entspricht 
das  Fehlen  einer  erhôhten  und  bestândigen  Kôrpertemperatur,  die 
ja  physiologisch  nur  durch  reichliche  und  fortgesetzte  Nahrungs- 
aufnahme erhalten  werden  kann,  wie  das  auch  tiefe  Herabsinken 
der  Kôrpertemperatur  bei  Sâugern  im  Winterschlaf  zeigt.  Die 
ûberwiegende  Zahl  der  mesozoischen  Saurierordnungen  ist  "aus- 
gestorben."  Das  sind  gerade  diejenigen,  die  schon  frûh,  nâmlich 
zur  Triaszeit,  eine  erhôhte  Beweglichkeit,  sei  es  auf  dem  Lande,  im 
Wasser  oder  in  der  Luft,  eriangt  hatten  ;  damit  ging  aber  auch  zwei- 
fellos  eine  vermehrte  Nahrungsaufnahme  Hand  in  Hand  und  die 
Folge  musste  eine  Zunahme  und  Konstanz  der  Kôrpertemperatur 
sein.  Sie  waren  somit  sicher  auf  dem  Wege  zu  Warmblûtigkeit, 
einem  Merkmale  der  Vôgel  und  Sâuger,  die  wir  von  ihnen  ableiten. 
Ferner  ist  jede  dieser  "  ausgestorbenen  "  Sauriergruppen  in  ihren 
Funktionen  und  damit  auch  in  ihrem  anatomischen  Baue,  im  Laufe 
der  Zeit  immer  melir  einem  Typus  nâher  gekommen,  wie  wir  ihn 
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heute  imd  schon  von  Beginn  der  Tertiârzeit  an  bei  Sâugern  iind 
Vôgeln  realisiert  sehen,  die  drei  ^Nleersauriergruppen  den  drei  Wal- 
gruppen,  die  Flugsauriern  den  Fledermàusen,  die  Dinosaurier  teils 
den  Lauf vôgeln,  teils  den  Landsaugern;  anch  in  der  Richtung  der 
Beuteltiere  und  in  der  der  Flug^•ogel  hat  sich,  wie  Archaeopterjrx 
lehrt,  die  Entwicklung  bewegt.  Sind  das  ailes,  wie  man  heute  meint, 
nur  mislungene  Versuche  der  Natur,  dann  diirfen  wir  wohl  nicht 
hoffen,  sie  jemals  zu  begreifen.  Denn  dann  ist  die  Schôpfung  nicht 
eine  Einheit,  sondern  es  klaffen  in  ihr  tiefe  Abgrûnde,  die  keine 
Naturphilosophie  wirklich  zu  ûberbriicken  vermag. 

Ich  habe  an  einem  Beispiele  zu  zeigen  versucht,  wie  ein  Teil  des 
Abgrundes,  der  in  der  Entwicklung  der  Vierfiissler  klafft,  ùberbrûckt 
werden  kann,  und  wie  es  zahlreiche  Tatsachen  zeigt,  die  einen  sol- 
chen  Versuch  rechtfertigen.  Es  wùrde  zu  weit  fùhren,  wenn  ich 
darlegen  wollte,  dass  das  Gleiche  bei  zahlreichen  anderen  Tiergruppen 
und  auch  bei  den  Pflanzen  in  àhnlicher  Weise  durchfiihrbar  ist,  bei 
manchen  sogar  offenkundig  mit  noch  mehr  Erfolg  als  es  hier  geschehn 
konnte.  Es  muss  auch  einer  andern  Gelegenheit  ûberlassen  bleiben, 
darzulegen,  wie  sehr  die  verschiedenartigsten  Telle  der  biologischen 
Wissenschaften,  die  Systematik,  wenn  sie  sich  auf  genetischer 
Grundlage  aufbauen  soU,  die  Tier-  und  Pflanzengeographie,  i.  b.  aber 
das  Wesen  und  die  letzten  Ziele  der  Abstammungslehre  von  einer 
solchen  Aufîassung  beriihrt  werden,  wenn  man  sie  auf  die  gesammte 
Schôpfung  ausdehnt. 

Die  Abstammungslehre  hat  nicht  ohne  Grund  in  den  letzten  Jah- 
ren  bei  Laien  viel  von  ihrem  Nimbus  eingebûsst,  denn  sie  hat  das 
nicht  gehalten,  was  sie  versprochen  hat,  uns  die  gesammte  Natur  in 
ihrem  Entwicklungsgang  begreiflich  zu  machen.  Wir  sind  eben,  wie 
ich  meine,  bis  heute  zu  sehr  im  Banne  von  Dogmen  verstrickt  ge- 
blieben,  die  zwar  ungeheureAnregunggebracht,sich  aberumsoweniger 
begrûndet  erwiesen  haben,  je  langer  man  versucht  hat,  sie  als  richtig 
zu  erweisen.  Ich  meine  i.  b.  die  natùrliche  Auslese  und  die  mono- 
phyletische  Art  der  Abstammung.  In  vordarwinischen  Zeiten  sind 
wie  mir  scheint  die  Verteter  der  Abstammungslehre  der  Natur  oft 
weniger  befangen  gegenûbergestanden  als  es  heute  meist  der  Fall  ist, 
wo  uns  die  Fiille  des  ^Materials  schier  erdriickt.  In  dieser  Beziehung 
kônnen  wir  Epigonen  von  den  Begrûndern  der  Abstammungslehre  i. 
b.  von  Lamarck  noch  heute  lernen.  IXIir  ist  aber  aus  den  Schriften 
dièses  bedeutenden  Mannes  unter  anderen  ein  Satz  in  Erinnerung 
geblieben,  den  ich  dieser  Mitteilung  als  rechtfertigendes.Motto  hjitte 
voransetzen  kônnen  : 

"Lorsqu'on  reconnaît,  qu'une  chose  est  utile,  qu'elle  est  même 
indispensable  pour  le  but,  qu'on  se  propose  et  qu'elle  n'a  point  d'in- 
convénients, on  doit  se  hâter  de  l'exécuter,  quoiqu'elle  soit  contraire 
a  1  usage. 


EVOLUTION   AS   IT   APPEARS   TO   THE 
PALEONTOLOGIST 
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I  DESIRE  to  introduce  this  paper  by  the  statement  of  a  law  which 
seems  to  be  axiomatic,  although  it  is  largely  ignored  by  biologists. 
I  may  term  it  the  laiv  of  the  four  inséparable  factors. 

Thèse  four  factors  in  the  life  of  organisais  are  known  to  us  under 
the  terms  heredity,  ontogeny,  environment  and  sélection.  The  fol- 
lowing  statement  regarding  thèse  factors  expresses  the  law: 

1.  The  life  and  the  évolution  of  organisms  invariahly  center  aroiind 
processes  which,  in  our  observations,  are  grouped  under  heredity, 
ontogeny,  environment  and  sélection. 

2.  Thèse  hâve  been  inséparable  and  interacting  from  the  beginning. 

3.  A  change  introduced  through  any  one  of  thèse  factors  causes  a 
change  in  ail. 

This  I  believe  to  be  the  most  fundamental  law  of  biology;  far 
more  fundamental  than  the  well-known  biogenetic  law.  Yet  a  sur- 
vey  of  récent  discussion  among  biologists  as  to  the  theory  of  évolu- 
tion shows  broad  Unes  of  division  into  several  schools  of  opinion 
strictly  according  to  the  factor  from  which  the  subject  has  been  ap- 
proached  either  theoretically  or  in  observation  and  experiment.  It 
is  demonstrable  that,  conceiving  any  one  of  thèse  principal  factors 
as  separable,  we  become  involved  in  endless  difficulties;  conceiving 
them  as  inséparable  and  continuously  interacting  under  natural  con- 
ditions, we  reach  the  true  conception  of  the  évolution  process.  Of 
thèse  four  factors  sélection  is  the  only  one  which  can  be  experiment- 
ally  separated  through  the  agency  of  man;  heredity,  ontogeny  and 
environment  may  be  modified  but  they  can  not  be  separated. 

I  shall  not  stop  hère  to  demonstrate,  as  will  be  donc  elsewhere, 
that  changes  may  be  initiated  or  find  a  gateway  through  either  one 
of  thèse  four  factors  ;  I  shall  state  simply  that  under  certain  circum- 
stances  heredity ^  under  other  circumstances  ontogeny,  under  still 
others  environment,  or  finally  under  sélection,  a  new  order  of  adjust- 
ments  begins  in  animais  and  plants  and  a  new  séries  of  characters 
appears.  "WTien  such  a  new  order  sets  in  originally  through  any 
one  of  thèse  factors  a  readjustment  of  ail  the  others  sooner  or  later 
ensues. 
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There  are  two  related  laws  which  I  personally  regard  as  demon- 
strated,  although  they  hâve  not  yet  reached  the  stage  of  axiomatic 
truth.  Thèse  are:  (4)  that  ail  changes  in  ontogeny,  environment 
and  sélection  sooner  or  later  are  reflected  in  heredity;  (5)  that  ail 
changes  in  heredity  originate  (a)  either  from  within  (keeping  in  raind 
always  the  law  of  the  four  inséparable  factors)  or  (6)  they  originate 
from  without  through  ontogeny,  environment  or  sélection. 

1.  Heredity  as  it  appears  to  the  Paleontologist.  —  I  may  now 
drop  the  personal  pronoun  and  restrict  the  présent  discussion  to  the 
problem  of  heredity  as  it  appears  to  the  paleontologist.  As  com- 
pared  with  his  brother  zoôlogists  the  paleontologist  enjoys  certain 
peculiar  advantages  and  labors  under  certain  disadvantages. 

The  origiït  of  new  characters,  not  the  origin  of  species,  is  the 
central  prol>lem  in  évolution;  but  in  using  the  word  originate  in  this 
discussion  I  do  not  imply  causation,  I  use  the  word  simply  to  imply 
appearance  in  order  of  time. 

First,  it  is  of  decided  advantage  to  the  paleontologist  that  as  an 
observer  of  the  origin  and ,  history  of  characters  he  is  practically  im- 
mortal,  that  is,  if  the  two  or  three  million  years  in  which  he  is  able 
to  follow  certain  characters  constitute  a  reasonable  longevity.  Con- 
centrating  his  attention  on  the  history  of  individual  characters,  en- 
tirely  irrespective  of  the  species  question,  which  is  wholly  a  by-question, 
{^[\ç  paleontologist  may  trace  such  individual  characters  from  their 
origin  through  their  varions  changes,  through  their  entire  history, 
in  fact.  In  this  sensé  he  is  immortal.  The  zoologist  and  experi- 
mentalist  {e.  g.,  de  Vries,  Bateson,  Morgan),  on  the  other  hand,  is 
mortal.  First,  he  is  not  always  in  a  fair  position  to  judge  which 
characters  are  important  and  which  are  unimportant.  This,  for 
instance,  is  the  chief  difficulty  with  Bateson's  first  great  work,  "INIa- 
terials  for  the  Study  of  Variation."  Second,  the  zoologist  and  experi- 
mentalist  is  too  short-lived  to  observe  and  measure  those  changes, 
if  such  exist,  which  are  so  excessively  slow  as  to  be  invisible  and 
immeasurable  by  his  mortal  eye,  and  he  is  most  naturally  led  to  the 
conclusion  that  visible,  observable  and  measurable  changes,  viz., 
saltations,  discontinuities  or  mutations  (of  de  Vries)  are  the  most 
important  if  not  the  only  changes. 

Having  pointed  ont  the  peculiar  advantage  which  the  paleon- 
tologist enjoys  let  us  omit  discussion  of  ail  other  modes  or  sources  of 
change  and  concentrate  our  attention  on  what  is  certainly  the  most 
vital  point,  namely,  the  origin  of  neiv  characters  in  heredity.  \Ve 
shall,  therefore,  begin  by  considering  this  origin  as  a  question  not 
of  ontogeny,  nor  environment,  nor  sélection,  but  of  heredity  pure 
and  simple.  By  this  statement  we  do  not  commit  ourselves  upon 
the  I>amarckian  question  of  the  inheritance  of  new  ontogenetic  or 
environmental  characters,  we  simply  confine  the  subject  to  changes 
which  first  appear  through  heredity,  that  is,  congenitally  or  at  birth. 
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2.  The  Rate  of  Origin  of  New  Characters.  —  Thus  we  corne 
to  tlie  palcontulo(/ist  (i.s  a  siudcut  of  Jurai ii y.  What  are  his  peculiar 
advantages  and  disadvantages  in  this  liniited  field  of  observation  ? 

Our  answer  is  a  bit  embarrassing  becausc  we  find  tliat  as  to  the 
velocity  or  suddenness  of  origin  of  characters  paleontologists  hâve 
not  thus  far  agreed;  they  hâve  reached  two  opposite  opinions,  as 
follows  : 

(1)  First  opinion:  Ilypofhesis  of  sudden  appcarance.  This  was 
lirst  set  forth  by  Geoffroy  St.  Hilaire,  and  has  been  advocated  by 
Cope,  DoUo,  Smith  Woodward  and  other  paleontologists. 

Two  unanswerable  criticisms  of  this  opinion  may  be  made. 

Thèse  criticisms  do  not  invalidate  the  numerous  observations 
of  thèse  and  other  paleontologists,  among  both  vertebrates  and 
invertebrates,  that  new  adaptive  types  do  suddenly  corne  into  the 
field  of  observation  in  geological  horizons  and  mark  the  beginnings 
of  rapid  évolution.  They  do  show  that  another  interprétation  may 
be  put  upon  the  facts. 

First,  in  attempting  to  support  this  hypothesis  of  sudden  origin 
by  inductive  évidence  the  paleontologist  is  certainly  at  a  great  dis- 
advantage  through  deficiency  of  material.  In  order  to  demonstrate 
a  sudden  change,  a  discontinuity  or  a  saltation  in  single  characters, 
one  must  hâve  ail  or  a  very  large  number  of  contemporary  individ- 
uals  for  comparison.  I  maintain,  therefore,  that  the  paleontologist 
can  never  demonstrate  a  discontinuity,  because  he  must  always 
entertain  the  suspicion  that  it  may  arise  from  lack  of  évidence.  The 
zoologist  and  experimentalist,  on  the  other  hand,  may  demonstrate 
a  discontinuity  for  the  reason  that  they  may  hâve  at  hand  large  séries 
of  contemporary  individuals  for  comparison.  The  paleontologist  is 
never  favored  in  this  way. 

Secondly,  the  paleontologist  can  never  prove  that  the  appearance 
of  a  new  type  combining  a  number  of  adaptive  characters  is  a  sudden 
appearance,  because  he  must  always  admit  the  possibility  that  such 
a  type  may  hâve  slowly  evolved  elsewhere  and  come  into  the  field  of 
his  observation  suddenly  through  migration.  Thus  I  maintain  that 
the  hypothesis  of  Cope,  Dollo  and  Smith  Woodward  as  to  the  sudden 
appearance  either  of  new  adaptive  characters  or  of  new  types  does 
not  rest  on  a  demonstrable  foundation  so  far  as  paleontology  is 
concerned. 

I  am.  therefore,  in  this  discussion  neither  opposing  nor  advocating 
the  so-called  "mutation  theory"  of  de  Vries;  I  am  simply  asserting 
that  paleontology  is  not  one  of  those  branches  of  biology  in  which  this 
theory  can  be  either  proved  or  disproved. 

(2)  Second  opinion  :  Hypothesis  of  graduai  appearance.  So  far 
as  I  know,  this  hypothesis  is  solely  paleontological  in  origin,'  and 
is  to-day  chiefly  maintained  by  certain,  although  not  by  ail,  paleon- 
tologists.    I  regard  it  as  the  greatest  contribution  which  paleontol- 


736      VII.    INTERNATIONAL  ZOÔLOGICAL  CONGRESS 

ogy  has  made  to  évolution.  So  far  as  I  know,  the  first  to  express 
it  was  Waagen  (1869).  He  distinguished  mutations  from  local  or 
geographical  variations.  The  mutations  of  Waagen  can  be  observed 
only  in  successive  geological  levels,  i.  e.,  at  intervais  of  many  years. 
They  are  very  constant,  although  seen  in  minute  features,  and  can 
always  be  recognized  again.  This  was  Waagen's  original  définition 
of  mutations  as  distinguished  from  the  more  conspicuous  contemporary 
fluctuations. 

This  law  of  Waagen  received  the  powerful  support  of  Neumayr 
(1889)  and  of  many  other  invertebrate  paleontologists,  and  it  is 
receiving  fuUer  support  daily.  As  regards  the  vertebrates,  Osborn  in 
1886,  at  the  time  ignorant  of  Waagen's  law,  made  the  same  observa- 
tion in  the  study  of  the  teeth  of  mammals,  and  termed  it  the  law  of 
"definite  variation  ";  he  has  since  termed  it  the  law  of  "  rectigrada- 
tion."  It  has  been  confirmed  and  extended  on  a  very  large  scale. 
Thus  vertebrate  and  invertebrate  paleontologists  working  entirely  in- 
dependently  of  each  other  on  wholly  différent  materials  hâve  reached 
similar  opinions.  This  law  of  graduai  change  in  the  origin  of  single 
charaders,  measurahle  only  at  long  intervais  of  time,  rests  on  a  vast 
number  of  observations. 

3.  The  Adaptive  Quality  of  New  Characters. —  So  much  for 
the  older  history  of  the  subject. 

I  may  now,  as  a  paleontologist,  add  three  supplementary  propo- 
sitions as  to  the  origin  of  new  characters  by  heredity  which,  it  is 
true,  rest  upon  a  large  number  of  my  own  observations,  but  still 
requires  collatéral  évidence  and  further  examination  by  others. 

First  :  That  siich  origins  are  adajftive  in  direction  from  the  hegin- 
ning.  The  cusps  of  the  teeth  of  mammals  offer  a  peculiarly  advan- 
tageous  field  of  observation  because  they  are  born  complète,  and 
unlike  most  other  organs  of  the  body,  they  do  not  dépend  upon 
ontogeny  (i.  e.,  usage)  for  their  original  perfection  of  form;  in  fact, 
ontogeny  and  environment  destroy  rather  than  perfect  them.  In 
seventeen  orders  of  mammals,  in  thousands  of  species,  and  in  millions 
of  individuals,  a  very  limited  number  of  similar  cusps  rise  in  the 
teeth;  the  number  is  eleven  in  ail.  So  far  as  observed:  (1)  they 
rise  independendy,  (2)  they  rise  gradually,  (3)  they  rise  adaptively  ; 
hence  I  hâve  termed  them  "  rectigradations,"  i.  e.,  rising  contin- 
uously,  orthogenetically,  in  definite  or  straight  lines,  and  finally 
reaching  a  condition  in  which  they  may  be  considered  adaptive. 
This  phenomenon  I  first  observed  in  the  teeth  and  later  in  the 
origin  of  horns. 

Second  :  That  such  origins  are  fredetermined  by  hereditary  kinship. 
This  statement,  or  rather  hypothesis,  is  supported  by  observations 
of  t'wo  kinds.  Without  interbreeding,  animais  of  similar  kinship, 
near  or  remote,  in  différent  parts  of  the  world  originate  independently 
similar  characters.     For  example,  the  Eocene  Equidœ  evolved  the 
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same  cusps  in  the  grinding  teeth  simultaneously  in  Switzerland  and 
in  the  American  Rocky  Mountain  région. 

Tlîis  example  lias  to  meet  the  criticisms,  (1)  by  the  paleontologist 
Depéret,  that  this  is  not  an  independent  évolution,  but  that  thèse 
rectigradations  are  due  to  actual  community  of  descent  brought 
about  by  migration  and  interbreeding;  (2)  there  is  the  older  criticism 
of  the  selectionists,  that  thèse  similarities  are  due  to  the  similar 
action  of  natural  sélection  working  upon  fortuitous  variations  in 
différent  régions. 

Neither  of  thèse  explanations  is  tenable,  in  my  opinion. 

Third  :  That  such  predetermination  is  due  to  a  similarity  of  heredi- 
tary  'poiential.  That  is  to  say  that  animais  of  similar  kinship  do  not 
continuously  evolve  in  certain  directions,  but  merely  transmit  a  similar 
potentiality  in  the  origin  of  new  characters.  This  both  renders  pos- 
sible the  occurrence  of  certain  characters  and  conditions  and  limits 
thèse  characters  when  they  do  occur.  For  example,  in  a  certain 
séries  of  extinct  mammals  we  can  predict  where  a  new  cusp  will  arise 
before  its  actual  occurrence. 

As  to  the  three  above  propositions,  which  are  enormously  impor- 
tant, if  true,  we  make  six  notes.  We  note  (1)  that  only  through  some 
restraining  or  limiting  law  of  this  kind  can  we  explain  the  marvelous 
uniformity  in  the  fundamental  structure  of  the  teeth  of  mammals 
which  has  now  been  observed  in  ail  orders  of  mammals  except  four. 
We  note  (2)  that  this  is  not  identical  with  the  internai  perfecting 
tendency  of  Nageli,  because  under  the  law  of  the  four  inséparable 
factors  it  opérâtes  in  a  manner,  adaptive  to  new  conditions,  which 
is  entirely  incomprehensive  to  us.  Thus,  for  example,  if  a  primate 
begins  to  imitate  the  habits  of  an  ungulate  by  l^ecoming  herbivorous, 
it  also  begins  to  acquire  the  dental  cusps  of  an  ungulate  in  about  the 
same  order  as  thèse  cusps  would  arise  in  an  ungulate;  thus  some  of 
the  Eocene  primates  so  closely  paralleled  the  Eocene  ungulates  in  den- 
tal structure  that  they  were  at  first  placed  in  the  order  Ungulata.  We 
note  (3)  that  the  kinetogenesis  or  Neo-Lamarckian  theory  of  Cope  and 
Ryder  apparently  fails  (as  pointed  out  by  Poulton),  especially  when 
applied  to  the  teeth,  because  the  teeth  appear  through  the  gums  fully 
formed  and  are  not  improved  by  use,  but,  on  the  contrary,are  destroyed 
by  use.  We  note  (4)  that  there  appears  to  be  an  analogy  between  hered- 
ity  and  ontogeny.  This  hurrying  up  or  accélération  of  characters  in 
heredity  parallels  the  accélération  of  useful  characters  in  ontogeny.  In 
other  words,  from  unknown  causes  (even  if  the  Lamarckian  inheri- 
tance  is  admitted)  characters  are  accelerated  (hastened)  or  retarded 
(slowed  up)  in  development,  according  to  the  needs  of  the  animal. 
Thus  there  arises  this  most  interesting  analogy  between  the  hereditary 
origin  of  new  characters  and  the  subséquent  ontogenetic  history  of 
characters  after  they  hâve  reached  a  presumably  adaptive  condition. 
In  other  words,  just  as  the  latéral  digits  of  the  horse  are  retarded  and 
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the  médian  digits  are  accelerated,  so  the  origin  from  unknown  causes 
of  new  characters  is  accelerated  or  retarded,  according  to  the  needs 
of  the  animal.  For  example,  a  postero-internal  cusp  of  the  upper 
grinding  teeth,  known  as  the  hypocone,  and  the  intermediate  cusps 
known  as  the  conules,  are  retarded  in  hereditary  origin  in  insectivores 
and  in  frugivorous  animais;  they  are  accelerated  in  origin  in  her- 
bivorous  animais.  We  note  (5)  that  onr  failure  to  see  any  reasons 
or  causes  of  thèse  timely  hereditary  origins  of  new  characters  has  no 
bearing  whatever  on  the  fact  of  the  existence  of  such  origins,  that 
fact  is  a  matter  of  direct  observation  indcpendent  of  hypothcsis.  For 
my  own  part  I  hâve  for  many  years  (ever  since  I  observed  this  fact 
and  recognized  ail  the  difficulties  in  the  Lamarckian  explanation) 
stood  as  a  complète  agnostic  as  to  the  cause  of  such  origins.  I  now 
repeat  that  we  hâve  no  conceivable  explanation  at  présent.  We 
note  (6)  that  an  important  distinction  must  now  be  made,  namely, 
that  such  new  characters  are  chiefly  numerical  ;  something  is  added 
to  the  organism  which  did  not  exist  before,  the  rudiment  of  a  cusp, 
or  the  rudiment  of  a  horn.  The  changes  of  form  of  proportion  and 
of  modeling,  follow  after. 

A  very  interesting  thought  has  just  come  to  me  during  the  prépara- 
tion of  this  paper,  a  paper  which  summarizes  the  conclusions  I  hâve 
been  gradually  forming  in  the  last  twenty-one  years.  The  thought 
is  this:  That  theoretically  there  is  no  confiict  hetiveen  the  hypothèses 
of  continuity  and  discontinuity,  because  if  there  does  exist  hereditary 
prédisposition  to  evolve  in  a  definite  direction,  it  may  manifest  itself 
suddcnly,  as  a  saltation,  or  a  "  mutation  of  de  Vries,"  or  very  gradu- 
ally as  a  rectigradation,  or  "mutation  of  Waagen." 

SUMMARY 

The  following  facts  are  those  which  are  put  forth  through  pale- 
ontological  observation,  for  vérification  by  others: 

1.  Many  origins  of  new  characters  are  through  some  internai 
action  in  heredity. 

2.  Many  important  adaptive  characters  arise  determinately,  defi- 
nitely,  but  by  extremely  slow  stages. 

3.  Degrees  of  similarity  in  such  origins  correspond  with  degrees 
of  kinship. 

4.  Degrees  of  kinship  also  aflPect  to  a  certain  extent,  but  not 
absolutely  the  time  of  appearance,  or  the  time  of  the  origin,  or  the 
rate  of  évolution. 

5.  Such  origins  find  expression  not  spontaneously,  or  irrespective 
of  conditions,  or  from  purely  internai  mechanical  causes,  but  through 
some  entirely   unknown   and   at   présent   inconceivable   relation   to 
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ontogeny  (habit  and  use),  to  environment  (external  conditions),  and 
to  sélection. 

6.  If  such  origins  do  spring  from  internai  hereditary  principles, 
as  they  appear  to  do  in  many  cases,  slow  origins  (mutations  of 
Waagen)  or  rapid  origins  (mutations  of  de  Vries)  may  be  simplj 
due  to  the  same  law  operating  with  différent  velocities. 


ZOOGEOGRAPHICAL   RELATIONS   OF   NORTH    AFRICA 
IN   THE    UPPER    EOCENE 

(Abstract) 

HENRY   FAIRFIELD   OSBORN 

Professor  Osborn  gave  an  account  of  the  American  Muséum 
expédition,  under  his  personal  direction,  to  the  famous  Upper  Eocene 
and  Lower  Oligocène  exposures  in  the  région  of  the  Fayûm,  Egypt. 
The  expédition  went  into  the  field  February  5,  and  Mr.  Walter  Oran- 
ger, assisted  by  George  Olsen  and  Herr  Richard  IMarkgraf,  remained 
in  charge  until  June  1.  The  collection  numl)er.s  about  550  spécimens, 
including  représentatives  of  most  of  the  fossil  forms  so  far  known  to 
be  characteristic  of  the  région,  as  well  as  of  the  newly  discovered 
Rodentia  and  of  two  other  animais  of  uncertain  systematic  relation- 
ship.  It  is  apparent  that  the  chief  fossil-bearing  stratum,  the  so- 
called  fluvio-marine  horizon,  has  intiraate  faunistic  relations  with 
Europe.  The  Artiodactyla,  the  Carnivora-Creodonta,  and  now  the 
Rodentia  are  knovvn  to  closely  resemble  the  corresponding  forms  in 
the  lower  Oligocène  of  France.  The  author  concurs  with  Stromer 
and  Depéret  as  to  the  Lower  Oligocène  rather  than  Eocene  âge  of 
thèse  formations.  The  fauna  thus  is  a  pure  indigenous  African 
fauna  mingled  with  a  pure  European  fauna.  No  recognizable  Aus- 
tralian,  South  American,  or  North  American  éléments  are  known, 
unless  the  sirenians,  zeuglodonts,  pythons,  and  perhaps  siluroids 
are  indicative  of  an  "Atlanteal"  connection  with  South  America. 


THE    CLYMENIA   FAUNA   IN   THE   AMERICAN 
DEVONIAN 

PEIîCY  E.   Il-W^IOND 

Until  rcccntly,  tlie  poculiar  sub-order  of  ammonites,  tho  Gas- 
trocampyli,  ov  clymenias,  which  are  such  important  t'ossils  in  a 
zone  at  the  top  of  tlie  Devonian  in  Europe  and  Asia,  were  unknown 
in  America.  In  1S92  John  M.  Clarke  announced  the  discovery  of 
a  number  of  spécimens  of  a  single  species,  to  which  he  gave  the 
name  Clymoiia  ueapolilana}  Hyatt  later  erected  a  new  genus, 
Acanthoclymenia  for  this  species,  which  is  one  of  tlie  forms  with 
a  fairly  simple,  ])ut  not  the  simplest,  suture.  Thèse  spécimens  were 
found  in  the  Cashaqua  shale  in  Ontario  County,  New  York.  Associ- 
ated with  it  occur  Manticoceras  pattersoiii,  the  American  représenta- 
tive of  M.  i>ifume.sceihs,  Proheloceras  lutheri,  and  a  typical  development 
of  the  Manticoceras  i)itumescens  fauna.  Stratigraphically,  the  Casha- 
cjua  shales  are  in  the  lower  part  of  the  Upper  Devonian.  Above 
them  are  found  the  Rhinestreet  black  shales,  carrying  a  small  fauna 
composed  mostly  of  fragile-shelled  lamellibranchs,  fishes,  and  cono- 
donts.  The  Hatch  sands,  flags,  and  shales,  with  Manticoceras  patter- 
soni,  M.  oyx,  and  Proheloceras  lutheri  succeed  the  Rhinestreet  shales, 
and  they  are,  in  turn,  followed  by  the  High  Point  sandstones,  Westhill 
flags,  and  Grimes  sandstones.  Thèse  sandstones  and  flags  carry  a 
brachiopod  fauna,  commonly  known  as  the  Lime  Creek  faima,  from 
its  typical  development  along  Lime  Creek  in  central  lowa. 

In  P'ebruary  of  this  year  the  writer  announced  '  the  discovery  of 
Clymenia  in  the  Three  Forks  shale  in  Gallatin  County,  ^lontana, 
a  short  distance  east  of  the  Continental  Divide.  The  study  of  this 
material  shows  that  there  are  at  least  three  species  of  Clymenia 
represented,  ail  with  simple  sutures.  Two  of  thera  hâve  ribbed 
whorls,  and  evidently  belong  to  the  genus  Platyclymenia,  and  the 
third  is  a  smooth  form  belonging  to  Cyrtoclymenia.  It  is  the  purpose 
of  the  présent  paper  to  discuss  the  âge  of  thèse  western  deposits  con- 
taining  the  clymenias,  and  their  time  relation  to  the  deposits  con- 
taining  Clymenia  in  New  York. 

The  Stratigraphy.  —  In  Gallatin  County,  ^lontana,  the  Three 
Forks  shales  are  about  135  feet  in  thickness,  and  tlirectly  underlie 
the  Madison  limestone,  which  is  Mississippian  in  âge.  Beneath  the 
shales  is  the  Jeiïerson  limestone,  640  feet  in  thickness,  wdiich,  in 

'  American  Journal  of  Science,  43,  pp.  .ï7-62,  1892. 
2  American  Journal  of  Science,  23,  pp.  116-122,  1907. 
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turn,  rests  upon  Cambrian  limes tone.  The  whole  of  the  Devonian 
is,  therefore,  représentée!  by  640  feet  of  dolomitic  limestone  and  135 
feet  of  shales. 

The  dolomitic  limestone  is  only  sparingly  fossiliferous.  At  Logan, 
ten  or  twelve  miles  east  of  the  locality  from  which  the  Clymenias 
were  obtained,  Peale  obtained  a  few  fossils  from  a  stratum  about  30 
feet  below  the  top  of  the  limestone.  Among  them  were  spécimens 
of  Spirifer  disjundus,  which  indicates  that  a  portion,  at  least,  of  the 
Jefïerson  limestone  is  of  Upper  Devonian  âge.  In  the  Yellowstone 
National  Park,  75  miles  southeast  of  Logan,  the  Jefïerson  limestone 
has  yielded  a  small  fauna,  described  by  Girty.*  On  the  évidence  of 
the  few  fossils  obtained,  Girty  referred  thèse  strata  to  the  Lower  or 
Middle  Devonian. 

The  lower  70  feet  of  the  Three  Forks  shales  are  barren,  but  in 
the  upper  65  feet  may  be  detected  five  distinct  faunules.  Thèse  are, 
beginning  at  the  base: 

First.  A  Clymenia  faunule,  containing  two  species  of  Platy- 
clymenia,  one  of  Cyrtoclymenia,  two  of  Tornoceras,  a  Prolobites, 
a  Bactrites,  two  species  of  Loxopteria,  Spirifer  disjunctus,  and  a 
Cleiothyris. 

Second.  A  faunule  with  Entomis,  Clymenia,  crinoids,  and  a 
large  number  of  brachiopods  and  pelecypods. 

Third.  A  faunule  in  which  Posidonomya  is  abundant,  but  with 
few  other  fossils,  the  most  common  being  a  goniatite,  probably  a 
Tornoceras. 

Fourth.  A  faunule  with  two  species  of  Clymenia,  but  very  few 
goniatites.     Brachiopods  are  very  abundant. 

Fifth.  A  faunule  without  Clymenia.  It  contains  Spirifer  dis- 
junctus and  other  Devonian  brachiopods,  and,  in  the  same  beds, 
such  Mississippian  forms  as  Syringothyris  and  Cleiothyris.  The 
strata  containing  this  fauna  are  a  yellow,  sandy  limestone  which 
grade  without  break  into  the  limestone  layers  of  the  Madison 
formation. 

Relation  of  thèse  Faunules  to  the  Faunas  which  précède 
and  foUow  them.  —  The  fauna  of  the  Jefïerson  limestone  is  too 
scanty  to  afford  much  definite  information,  but  the  présence  of  Spirifer 
disjunctus  shows  that  it  cannot  be  so  very  much  older  than  the  fauna 
with  Clymenia.  At  any  rate,  the  Three  Forks  shales  are  above  the 
base  of  the  Upper  Devonian. 

The  présence  of  Cleiothyris  with  the  clymenias,  and  of  Cleio- 
thyris and  Syringothyris  in  beds  containing  a  prépondérance  of 
Devonian  fossils,  shows  a  strong  relationship  between  the  fauna 
of  the  Three  Forks  shales  and  the  fauna  of  the  overlying  Madison 
limestone.  The  fauna  of  the  ^Madison  limestone  has  been  studied 
by  Dr.   Girty,  who  finds  that  it  has  pronounced  affinities  with  the 

'  U.  S.  Geological  Survey,  Monograph  32,  p.  479,  1899. 
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Kinderhook,  the  oldest  fauna  of  the  IMississippian  séries.  Tlius  there 
appears  to  be  no  break  in  the  sédimentation,  nor  any  sharp  faunal 
change  on  passing  from  the  Devonian  into  the  JNIississippian,  both 
of  which  facts  argue  for  a  very  late  Devonian  âge  for  the  Clymenia 
fauna. 

The  Relation  of  the  Clymenia  Fauna  in  the  Three  Forks 
Shale  to  the  Fauna  with  Clymenia  in  New  York.  —  Tlie 
simihirity  of  the  faunas  consists  in  the  présence  in  both  of  Clymenias, 
goniatites,  Bactrites,  Loxopteria,  and  Entomis.  The  species  are  not, 
however,  the  same  in  the  two  régions.  Manticoceras  pattersoni,  which 
is  the  leading  fossil  in  New  York,  has  not  yet  been  found  in  Montana. 
A  further  différence  is  noticed  in  the  great  number  of  brachiopods 
found  with  Clvmenia  in  the  west.  The  clvmenias  of  the  two  régions 
are  not  of  the  same  species,  but  belong  to  différent  famihes.  It  is 
not,  therefore,  possible  to  correlate  the  two  faunas  directly.  Either 
one  is  okler  than  the  other,  or,  if  they  are  contemporaneous,  they 
occupied  separate  basins. 

Position  of  the  Clymenia  Fauna  in  Europe  and  Asia.  —  In 
many  locaUties  in  Europe  where  the  Upper  Devonian  is  well  de- 
veloped,  the  varions  zones  are  distinguished  by  the  ammonite  faunas. 
The  early  Upper  Devonian  is  characterized  by  a  fauna  containing 
Manticoceras  intumescens  with  many  other  goniatites,  Bactrites,  and 
fragile-shelled  lamelhbranchs.  In  the  next  higher  zone  comes  a  great 
development  of  goniatites  of  the  genus  Cheiloceras,  followed  by  the 
fauna  with  Clymenia.  In  the  Clymenia  fauna  are  two  faunules. 
In  the  okler  Plaiyclymenia  auindata  is  accompanied  by  Cheiloceras 
curvispina  and  C.  amhhjlobum,  and  the  gênera  Cyrtoclymenia  and 
Oxyclymenia  are  dominant.  The  newer  faunule  contains  Goniocly- 
menia.  In  this  Clymenia  fauna,  Prolobites  makes  its  fîrst  appear- 
ance.  In  the  shales  which  follow  the  limestone  in  which  Clymenias 
are  abundant  occurs  the  fauna  with  Entomis  serratostriata.  This 
fauna  persists  until  the  close  of  the  Devonian. 

The  common  Clymenia  in  the  Three  Forks  shales,  to  which  the 
writer  has  elsewhere  given  the  name  Platyclymenia  americona,  is 
somewhat  closely  allied  to  Platyclymenia  annidata.  Prolobites  has 
not  yet  been  reported  from  New  York,  but  occurs  with  Platyclymenia 
and  Cyrtoclymenia  in  Montana.  Thus  the  Montana  fauna  seems 
to  be  more  closely  allied  to  the  Clymenia  fauna  of  Europe  than  to 
the  Manticoceras  pattersoni  fauna  of  New  York. 

SUMMARY 

To  sum  up.  The  stratigraphie  position  of  the  Three  Forks 
shales,  and  the  fact  that  the  upper  layers  grade  gradually  into  the 
INIadison  limestone,  indicates  that  there  is  no  break  in  the  sédimen- 
tation.   That  there  is  no  time  break  is  shown  by  the  fact  that  in  the 
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upper  layers  there  is  a  mingling  of  Upper  Devonian  and  Mississîp- 
pian  fossils.  Under  thèse  circumstances,  the  fact  that  the  fauna  of 
the  Madison  limestone  is  of  Kinderhook,  or  oldest  Mississippian  âge, 
indicates  that  the  preceding  fauna  is  of  latest  Devonian  âge.  That 
the  fauna  with  Clymenia  is  preceded  by  a  fauna  with  Spirifer  dis- 
junctus  is  a  further  indication  of  its  late  Devonian  âge.  In  Europe, 
the  strata  bearing  the  fauna  with  clymenias,  cheiloceras,  and  pro- 
lobites  are  newer  than  the  strata  with  Manticoceras  intumescens.  AU 
things  therefore  point  to  a  later  Devonian  âge  for  the  IMontana  fauna 
than  for  the  New  York  fauna,  which  occurs  in  the  middle  Upper 
Devonian. 


THE   MIOCENE   FAUNA    OF  FLORISSANT,   COLORADO 

(Abstract) 

T.   D.   A.   COCKERELL 

The  well-known  Tertiary  beds  at  Florissant,  in  central  Colorado, 
hâve  been  recently  investigated  anew,  and  large  collections  hâve  been 
raade.  The  classical  works  of  Scudder  and  Lesquereux  made  known 
over  six  hundred  species  of  insects  and  a  large  séries  of  plants  from 
this  locality;  but  the  beds  are  far  from  being  exhausted,  and  the  work 
of  the  past  two  suramers  has  yielded  numerous  undescribed  forras, 
many  of  them  of  very  great  interest.  It  is  hoped  to  continue  the 
work,  and  to  eventually  include  in  monographie  form  the  combined 
results  to  be  derived  from  the  study  of  ail  the  Florissant  material 
obtainable.  Some  of  the  raost  interesting  forms  obtained  this  year 
were  exhibited,  including  :  — 

DiPTERA 

Glossina  oligocena  (Scudder).  Station  14  (Geo.  N.  Rohwer). 
This  is  the  Paloestrus  oligocenus  of  Scudder,  Bull.  93,  U.  S. 
Geol.  Survey  (1892),  p.  19.  The  type  of  Scudder's  species, 
in  the  INIuseum  of  Comparative  Zoôlogy,  has  been  compared. 
The  new  spécimen  is  very  much  more  perfect,  showing  the 
mouth-parts;  and  after  prolonged  study,  cannot  be  excluded 
from  the  African  genus  Glossina,  the  tsetse  Aies.  The  occur- 
rence of  this  genus  in  the  American  INIiocene  is  of  great 
interest,  especially  in  view  of  the  récent  suggestions  of 
Professor  Osborn,  concerning  the  possible  relation  of  such 
diptera  to  the  extinction  of  some  of  the  American  Tertiary 
mammalia. 

Hymenoptera 

Phenacoperga  coloradensis  Ckll.     Station  14  (W.  P.  Cockerell). 
A  large  robust  insect  about  27  mm.   long,  similar  to  Perga 
schiodtii  Westw.,  from  Australia,  but  larger,  with  the  antennae 
longer  and  with  a  larger  club,  the  stigma  very  much  more 
slender,  the  prothorax  and  scutellum  dark,  etc. 

Neuroptera 

Halter  americana  Ckll.     Station  13  B  (S.  A.  Rohwer). 

A  large  form,  with  the  anterior  wings  about  31  mm.  long  and 
the  posterior  about  46,  belonging  to  the  same  section  as  the 
Persian  H.  extensa  (Oliv.).    The  dark  area  on  the  expanded 
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part  of  the  hind  wings  is  continuous,  not  broken  into  two 
areas  as  in  H.  extensa.  The  family  Nemopteridœ  is  un- 
known  in  America  to-day,  with  the  exception  of  a  single 
ChiHan  species  of  Stenorrhachus.  The  genus  Halter  is  well- 
known  in  Africa  and  parts  of  Asia,  and  it  is  of  much  interest 
to  find  such  an  extremely  pecuUar  type,  now  Hving  only  on 
the  other  side  of  the  world,  in  the  American  Miocène. 
Panorpa  arctiiformis  Ckll.     Station  14  (W.  P.  Cockerell). 

A  species  with  the  wings  about  13  mm.  long,  with  hght  bands 
on  a  dark  ground,  after  the  manner  of  P.  nuptialis  Gerst, 
from  Texas.  Curiously,  however,  the  apical  dark  area  is 
not  formed  as  in  P.  nuptialis,  but  has  a  zigzag  inner  edge, 
as  in  P.  picta  Hagen,  from  Smyrna.  The  insect  is  indeed 
very  close  to  P.  picta.  It  is  also  close  to  P.  rigida  Scudd., 
another  Florissant  fossil;  but  rigida  is  smaller,  and  has  the 
penultimate  band  (the  last  before  the  dark  apex)  much 
narrower. 

Lepidoptera 

Chlorippe  wilmattœ  Ckll.     Station  21  (W.  P.  Cockerell). 

A  butterfly  showing  the  anterior  wings  and  antennae,  well 
preserved.  Expanse  64  mm.,  the  outline  of  the  wings  about 
as  in  the  American  C.  alicia,  except  that  the  apical  point  be- 
tween  the  radiais  is  sharper  and  longer,  more  suggesting 
Vanessa.  Venation  as  in  Chlorippe,  with  the  cell  (which  is 
about  16  mm.  long)  open.  Spots  in  gênerai  as  in  Chlorippe, 
but  the  three  outer  spots  in  the  apical  field  are  arranged  in 
a  line  instead  of  in  a  triangle;  while  the  inner  ones  are  so 
arranged  that  the  upper  is  far  basad  of  the  other  two. 
This  represents  a  type  of  insect  still  surviving  in  the  same 
gênerai  région. 

Orthoptera 

Anahrus  caudelli  Ckll.     Stadon  14  (Geo,  N.  Rohwer). 

Represented  by  the  hind  part  of  the  abdomen,  with  the  ovi- 
positor,  which  latter  is  about  18  mm.  long,  and  in  size,  struc- 
ture, and  appearance  excellently  agrées  with  that  of  the  living 
A.  coloradus  Thomas,  of  Colorado.  The  only  différence  is 
that  it  is  perhaps  very  slightly  more  curved,  and  the  apex 
(in  latéral  view)  is  distinctly  more  attenuate. 

Coleoptera 

Dryobius  mioccnicus  Beutenmuller  and   Cockerell.      Station   14 
(W.  P.  Cockerell). 
Represented  l)y  an  elytron,  about  18  mm.  long,  close  to  the 
living  D.  scxfasciatus  Say,  but  the  elytra  are  relatively  some- 
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what  broader,  and  there  are  only  two,  instead  of  four,  Hght 
bands.  The  apex  is  narrowly  truncate,  and  there  is  a  tooth 
at  the  inner  corner,  exactly  as  in  sexfasciaius  ;  the  punctures 
are  also  the  same. 

So  far  as  the  material  shows,  the  affinities,  when  not  with  living 
North  American  species,  are  with  those  of  the  old  world.  No  dis- 
tinctively  Neotropical  types  were  found. 


A  PRELIMINARY  ACCOUNT  OF  THE  PLEISTOCENE 
FAUNA  DISCOVERED  IN  A  CAVE  OPENED 
AT  FRANKSTOWN,  PENNSYEVANIA,  IN 
APRIL  AND  MAY,   1907 

W.  J.  HOLLAND 

In  the  latter  part  of  April  of  the  présent  year  the  writer  received 
messages  from  Mr.  H.  H.  Jack  and  Mr.  E.  H.  L.  Page  of  Hollidays- 
burg,  Pa.,  calling  attention  to  the  fact  that  there  had  been  discovered 
in  the  quarries  of  the  American  Lime  and  Stone  Company  near 
Franlvstown,  Pa.,  the  fossil  remains  of  a  number  of  large  animais,  and 
suggesting  that  a  careful  exami nation  of  the  locality  should  be  made. 
Mr.  O.  A.  Peterson  of  the  Section  of  Paleontology  in  the  Carnegie 
Muséum  was  promptly  dispatched  to  the  spot  with  instructions  to 
report  upon  the  character  of  the  deposits.  He  returned  after  a  few 
days  bringing  with  him  some  material  of  sufficient  interest  to  cause 
the  writer  to  feel  justified  in  requesting  him  to  return  to  the  locality 
and  to  carefuUy  continue  the  work  of  recovering  whatever  might  be 
found.  He  spent  nearly  three  weeks  in  the  work,  being  visited  during 
that  time  by  the  writer,  who  made  a  careful  inspection  of  the  site  and 
helped  a  little  in  the  task  of  recovering  spécimens.  A  great  deal  of 
assistance  was  accorded  to  Mr.  Peterson  by  Mr.  James  King  Henry, 
the  Superintendent  of  the  American  Lime  and  Stone  Company,  who 
not  only  instructed  his  men  while  at  work  to  help  ]\Ir.  Peterson  so 
far  as  was  possible,  but  who  himself,  with  great  kindness,  at  times 
personally  aided  Mr.  Peterson  in  the  laborious  task  of  taking  up  the 
deposits  which  were  encountered. 

The  quarries  of  the  American  Lime  and  Stone  Company  are 
situated  on  the  top  of  a  hill  rising  about  four  hundred  feet  in  height 
above  the  banks  of  the  Juniata.  The  kilns  of  the  Lime  and  Stone 
Company  are  located  in  the  historié  hamlet  of  Frankstown,  in  Blair 
County,  on  the  line  of  the  Petersburg  branch  of  the  Pennsylvania 
Railroad.  The  limestone  in  which  work  is  being  carried  on  is  a  fine 
compact  blue  limestone,  the  purity  of  which  lias  caused  the  product 
of  the  quarries  to  be  much  sought  after  by  manufacturers  of  paper. 
The  rock  has  been  extensively  faulted,  and  the  fissures,  which  vary 
in  thickness  from  a  few  millimeters  to  as  much  as  a  foot  in  diameter, 
hâve  been  fiUed  with  calcite.  The  rock  is  lower  Devonian,  locally 
known  as  Lewistown  limestone.     The  hill  in  which  the  cavern  is 
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located  contains  scveral  sniall  caves  or  grottoes,  the  floors  of  two  of 
which  were  explorée!  by  Mr.  Peterson,  but  neither  of  them  showed 
any  évidence  of  extinct  animal  life.  The  cave  in  the  limestone  qiiarry 
was  apparently  originally  a  cleft  or  fissure,  which,  owing  to  falling  in 
of  the  upper  strata,  had  gradually  beconie  roofed  over  by  large  lilocks 
which  had  been  in  part  cemented  together  l)y  stalactitic  deposits  with 
which  earthy  matter  washed  down  from  the  surface  had  become 
mingled.  No  évidence  existed  on  the  top  of  the  hill  of  an  approach 
to  this  cave,  and  it  was  only  as  the  process  of  blasting  was  being 
carried  forward  that  its  existence  was  revealed.  The  cave  itself,  as 
nearly  as  can  be  determined,  was  about  forty  feet  in  length,  varying 
from  six  to  eight  feet  in  width,  and  at  the  highest  point  was  not  more 
than  ten  or  twelve  feet  high.  Its  floor  was  about  thirty  feet  below 
the  top  of  the  hill.  The  bottom  of  the  cave  was  filled  in  at  most 
places  to  a  depth  of  approximately  two  feet  with  red'soil  traversed 
everywhere  by  bands  and  layers  of  dark  material  rich  in  organic 
matter  and  somewhat  spongy  in  texture.  A  deeper  crack  at  one 
point  descends  to  a  depth  of  about  fourteen  feet.  This  it  was  impos- 
sible to  explore,  but  borings  yielded  no  bones.  INIingled  with  the 
finer  deposits  were  fragments  of  stalactites  and  pièces  of  stone  which 
had  fallen  from  the  roof  and  sides  of  the  cave,  varying  from  large 
blocks  several  feet  in  diameter  to  mère  chips.  Thèse  angular  frag- 
ments were  so  commingled  with  the  finer  material  as  to  make  the 
work  of  recovering  the  bones  which  lay  at  the  bottom  of  the  cave  a 
task  of  much  difïiculty.  The  fall  of  rock  in  past  âges  had  led  to  the 
fracture  of  many  of  the  bones,  which  had  been  crushed  down  into  the 
looser  material  in  which  they  were  imbedded. 

As  the  work  of  quarrying  went  forward  from  time  to  time  por- 
tions of  the  fioor  of  the  cave  were  brought  down.  Mr.  Peterson  was 
always  on  hand  to  investigate,  and  from  the  stuff  which  was  dislodged 
he  carefully  extracted  everything  which  could  be  preserved,  and  he 
also  went  forward  into  the  cavern  and  endeavored  to  explore  the 
fîoor  before  the  blasting  and  quarrying  were  advanced.  Rains  were 
constant,  and  ]\Ir.  Peterson  w^orked  most  of  the  time  in  mud.  As  the 
resuit  of  his  labors,  upon  which  he  deserves  to  be  congratulated, 
there  was  brought  back  to  the  Carnegie  IMuseum  a  great  number  of 
spécimens,  mostly  in  a  broken  and  shattered  condition,  due  to  no 
fault  of  the  collector. 

A  superficial  examination  of  the  collections  taken  from  the  cave 
shows  the  remains  of  a  number  of  species  of  mammals,  birds,  and 
reptiles. 

The  genus  Megalonyx  is  represented  by  a  number  of  teeth;  to 
what  species  they  should  be  referred  has  not  yet  been  determined.  It 
is  possible  that  another  genus  of  Edentata  is  represented,  but  this 
can  only  be  decided  after  a  more  careful  investigation  than  the  writer 
has  had  time  to  bestow  upon  the  subject.     The  genus  Tapirus  is 


750  VII.    INTERNATIONAL  ZOÔLOGICAL  CONGRESS 

représentée!  by  the  third  and  fourth  left  lower  premolars  of  a  small 
species  about  the  size  of  Tapirus  americanus  Brisson.  The  Suidse  are 
represented  by  the  remains  of  a  number  of  individuals.  A  remarkably 
well  préservée!  mandible  I  détermine  to  be  Dicotyles  pennsylvanicus 
Leidy,  the  type  of  which  is  tlie  fragment  of  a  mandible  of  an  immature 
spécimen  wliicli  was  found  in  Hartman's  cave  near  Stroudsburg,  Pa. 
Our  spécimen  is  the  !ower  mandible  of  an  adult,  accompanied  by 
other  portions  of  the  skeleton,  including  wel!  preserved  metapodials 
and  vertebrœ.  The  animal  was,  judging  from  what  we  possess, 
considerably  larger  than  either  of  the  existing  peccaries.  The  lower 
jaw  is  longer  than  either  Dicotyles  labiatus  or  torquatus,  and  the 
metapodials  are  longer.  The  canine  teeth,  which  are  wanting  in  Pro- 
fessor  Leidy's  type,  are  also  much  longer  and  more  formidable  weap- 
ons  than  in  either  of  the  existing  species  of  the  genus.  Another 
peculiarity  is  the  fact  that  the  jaw  at  its  lower  angle  j3ares  outwardly, 
whereas  the  existing  species  of  Dicotyles  are  characterized  by  the 
recession  of  the  lower  jaw  at  the  angle.  The  species  might  well  be 
referred  to  the  genus  Platygonus,  in  which,  however,  it  lias  not  been 
placed  by  Hay  in  his  catalogue.  Lydekker  regards  Platygonus  as 
practically  synonymous  with  Dicotyles  or  Tayassu,  but  the  distinc- 
tion between  the  two  gênera  the  writer  believes  to  be  valid.  Portions 
of  a  skeleton  probably  referable  to  Bison  were  uncovered.  The 
Cervidae  are  represented  by  three  species,  one  of  them  of  very  large 
size,  possibly  representing  Cervalces,  the  other  two  smaller.  There 
lias  not  been  time  to  carefuUy  décide  the  generic  location  of  thèse 
species,  which  are  principally  represented  by  the  teeth  of  the  lower 
jaws.  A  fragment  of  an  antler,  in  al!  probability  belonging  to  Cari- 
acus  virginianus,  was  discovered.  The  remains  of  mastodons  were 
exceedingly  plentiful.  Mastodon  americanus  is  represented  by  por- 
tions of  one  mature  and  five  or  six  immature  spécimens.  The  re- 
niains  of  rodents  are  very  numerous.  Numerous  jaws  of  Erythizon, 
Lepus,  Sciurus,  Fiber,  and  other  smaller  gênera  are  recognizable. 
Chiroptera  are  présent  in  the  remains  of  one  or  more  species.  The 
Ursidœ  are  represented  by  two  species.  Fragments  which  are  no 
doubt  correctly  referable  to  Ursus  americanus  were  found,  but  far 
more  interesting  are  the  remains  of  several  individuals  of  a  huge 
bear  which  I  identify  without  any  hésitation  as  Arctodus  haplodoii 
Cope.  The  présence  of  the  entepicondylar  foramen  in  the  humérus, 
the  two  masseteric  fossœ  of  the  mandible,  and  the  peculiar  shape  of 
the  first  inferior  true  molar  are  characters  which  serve  to  reveal 
at  once  the  identity  of  the  animal  with  the  species  described  by 
Cope.  The  material  in  our  possession  is  better  than  that  at  the 
command  of  Cope.  It  is,  unfortunatcly,  fragmentary,  but  very  well 
preserved  so  far  as  it  goes,  and  it  is  quite  abundant,  though  not  sufïi- 
cient  in  quantity  to  enable  us  to  restore  the  skeleton.  The  genus 
Mephitis  is  represented  by  at  least  one  species.    The  remains  of  the 
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genus  Canis  are  quite  niimerous.  Several  well  préservée!  jaws  show 
an  animal  not  differing  greatly  in  size  from  Caiiù  occidottalis,  but 
differing  somewhat  in  the  dentition,  which  more  nearly  resembles 
that  of  the  Esquimaux  dog  of  to-day,  of  wliich  it  may  hâve  been  the 
ancestor.  The  FeUdae  are  represented  by  fragments  of  an  animal 
comparable  in  size  with  the  jaguar.  Unfortunately  there  is  not  much 
of  the  skeleton  preserved,  except  the  bones  of  the  foot. 

In  addition  to  the  remains  which  I  hâve  mentioned  there  are  the 
remains  of  several  other  smaller  carnivores  represented  by  teeth  and 
portions  of  jaws  which  it  has  been  impossible  as  yet  for  lack  of  time 
to  identify. 

The  remains  of  birds  are  not  infrequent,  and  among  them  the 
bones  of  a  large  species  undoubtedly  belonging  to  the  genus  Mele- 
agris  are  rather  numerous. 

The  collection  also  contains  the  remains  of  Ophidia  and  Ba- 
trachia.  Thèse  are  scattered  and  so  completely  disarticulated  as  to 
make  restoration  apparently  hopeless,  and  even  détermination  of  the 
gênera  problematical. 

It  has  been,  of  course,  impossible,  on  account  of  the  brief  time  at 
the  command  of  the  writer  since  the  material  was  received,  to  thor- 
oughly  work  it  out  and  to  study  it  with  sufficient  care  to  enable  a 
correct  référence  to  be  made  in  ail  casec.  Mr.  Peterson,  who  took 
up  the  material,  is  inclined  to  the  view  that  from  thirty  to  forty  species 
and  several  hundred  individuals  are  represented  in  the  material  which 
has  been  secured. 

A  comparison  of  the  fauna  found  in  this  cave  with  that  discovered 
in  a  similar  cave  at  Port  Kennedy  in  the  Valley  of  the  Schuylkill, 
and  which  was  made  the  basis  of  several  papers  by  Cope,  shows 
many  points  of  similarity  and  some  marked  différences.  The 
scarcity  of  the  remains  of  Megalonyx,  which  w^ere  very  abundant 
in  the  Port  Kennedy  deposits,  is  noticeable.  Some  of  the  neo- 
tropical  gênera  reported  by  Cope  are  not  found  among  the  re- 
mains taken  from  the  Frankstown  cave.  But  the  existence  of  the 
peccary,  the  tapir,  and  of  Ursiis  haplodon,  which,  as  has  been  pointed 
out  by  Cope,  shows  afïinities  to  the  fossil  Ursidee  of  South  America, 
rather  than  to  existing  North  American  species,  shows  that  at  the 
time  when  thèse  deposits  were  made  there  was  a  commingling  on  the 
soil  of  Pennsylvania  of  nearctic  and  neotropical  gênera,  though  the 
nearctic  forms  predominated.  The  deposits  in  the  Frankstown  cave 
were  probably  a  httle  later  in  their  origin  than  those  at  Port  Kennedy. 

Among  the  most  interesting  of  ail  the  numerous  spécimens  ob- 
tained  in  the  cave  at  Frankstown  is  the  mandible  of  a  very  young 
mastodon,  sufficiently  well  preserved  to  enable  a  study  to  be  made 
of  the  early  stages  of  the  dentition.  It  is,  I  think,  the  most  perfect 
spécimen  of  its  kind  in  existence  in  any  collection.  It  recalls  at 
once  the  publication  by  Godman  in  1830  of  his  genus  Tetracauloden 
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for  tlie  réception  of  certain  spécimens  which  Hays  in  1834  figured 
in  the  Transactions  of  the  American  Philosophical  Society  for  that 
year.  Hays  with  great  chivalry  defended  the  position  of  Godman, 
which  had  been  assailed,  and  maintained  the  vahd  character  of 
the  genus  Tetracaulodon,  which  was  based  principally  upon  the 
existence  of  four  incisors  or  tusks  in  the  lower  jaw.  No  better 
évidence  of  the  correctness  of  the  position  of  Godman's  critics  could 
be  found  than  that  given  by  the  remains  discovered  in  the  Franks- 
town  cave. 

The  présence  of  the  remains  of  numerous  infant  mastodons  and 
of  varions  species  of  artiodactyls  in  the  cave,  associated  with  the 
remains  of  the  huge  Ardodus  haplodon,  suggests  that  the  latter,  at  a 
time  when  what  later  became  a  sealed  cavern  was  still  an  open  cleft 
in  the  rocks,  preyed  upon  young  mastodons,  which  may  hâve  been 
separated  from  their  mothers  and  chased  over  the  edge  of  the  clifî- 
like  wall.  FalHng  to  the  bottom  they  became  an  easy  prey  to  the 
great  bears,  just  as  calves  to-day  fall  a  prey  both  to  the  black  bear  and 
to  the  grizzly.  In  hke  manner  thèse  bears  dragged  into  this  place, 
which  was  their  lair,  in  order  to  feed  their  young,  the  carcasses  of  deer 
and  other  hoofed  animais.  Or  they  may  hâve  driven  them  over  the 
rocks,  as  it  is  possible  to  imagine  that  the  young  mastodons  were  driven. 
Arctodus  haplodon  was  a  bear  somewhat  larger  than  the  grizzly  and 
in  weight  might  well  hâve  been  quite  equal,  if  not  superior,  to  a  young 
mastodon,  judging  from  the  size  of  the  jaws  of  the  latter  which  we 
possess.  A  young  mastodon  could  not  hâve  been  larger  than  a  baby 
éléphant  and  probably  was  not  more  than  three  and  a  half  feet  in 
height.  It  is  an  interesting  picture  of  the  life  of  the  Pleistocene  period 
in  Pennsylvania  which  thèse  fragments  suggest. 


STUDIES  OF  GASTROPODA,  IV.i— VALUE  OF  THE  PRO- 
TOCONCH  AND  EARLY  CONCH  STAGES  IN  THE 
CLASSIFICATION    OF   GASTROPODA 

A.  W.  GRABAU 

CoMPARATiVELY  little  attention  has  been  paid  by  students  of  the 
gastropod  shell  to  the  characters  of  the  protoconch  and  of  the  early 
conch  stages.  It  is  triie  that  in  récent  years  several  conchologists 
and  palaeontologists  hâve  begiin  to  figure  and  briefly  describe  the 
protoconch  of  gastropods,  but  only  in  a  few  cases  has  the  attempt 
been  made  to  use  it  as  a  guide  in  the  détermination  of  genetic  relation- 
ships.  There  is,  moreover,  a  diversity  of  opinion  regarding  the 
reUabiUty  of  protoconchial  characters  as  indices  of  relationships,  and 
several  eminent  students  of  the  mollusca  hâve  placed  themselves  on 
record  as  distinctly  opposed  to  the  granting  of  classificatory  value  to 
the  nuclear  shell  portion.  It  behooves  us,  then,  in  the  first  place  to 
inquire  what  relationship  exists  between  the  protoconch  and  the 
rest  of  the  shell,  and,  secondly,  what  part  it  plays  in  the  record  of  the 
ontogenetic  development  as  furnished  by  the  shell,  and  finally  what 
évidence,  if  any,  it  bears  in  phylogeny. 

Relationship  of  protoconch  and  conch.  —  The  protoconch  forms 
the  apical  or  nuclear  portion  of  the  gastropod  shell,  and  is  recogniz- 
able  in  the  majority  of  well-preserved  shells.  Only  in  a  few  groups  is 
it  normally  resorbed  or  habitually  broken  ofî  during  the  later  stages 
of  development.  In  most  forms  it  persists  throughout  the  life  of  the 
animal,  and  is  lost  only  through  accidentai  wear  or  solution.  That 
it  is  so  often  missing  in  récent  shells  is  due  to  the  carelessness  of  col- 
lectors  or  custodians  to  whom  adult  characters  alone  appeal.  The 
wretched  practice  of  "cleaning"  shells  with  acid  is  also  responsible 
for  the  destruction  of  the  protoconch  characters  in  most  of  the  shells 
of  some  of  our  large  collections. 

The  beginning  of  the  protoconch  is  in  the  late  embryonic  stages 
of  development.  In  the  majority  of  the  gastropods  it  is  formed  during 
or  before  the  veliger  period,  or,  if  that  stage  is  degenerate  or  wanting, 
during  the  period  preceding  the  free  life  of  the  individual.  Thus,  in 
Planorbis  and  other  pulmonate  gastropods,  the  embryonic  shell  is 
well  developed  as  a  thin  hyaline  membrane  covering  the  greater 
part  of  the  embryo  even  before  the  head  and  foot  are  fuUy  difïer- 

'  Investigations  carried  on  by  the  aid  of  a  grant  from  the  Hermann  Fund 
of  the  Council  of  the  Scientific  Alliance  of  the  City  of  New  York. 
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entiated.  Before  the  embryo  leaves  the  egg  mass  and  becomes  free, 
the  shell  has  already  begun  to  coil.  The  size  of  the  initial  shell  is 
hère  clearly  determined  by  the  size  of  the  embryo  which  under  uniform 
conditions  of  environment  varies  but  Httle.^  This  is  true  of  fresh- 
water  and  terrestrial  gastropods  as  a  whole,  the  animal  leaving  the 
egg  capsule  with  a  well-developed  shell.  In  viviparous  forms,  such  as 
Paludina,  the  shell  is  likewise  well  developed  in  the  later  embryonic 
stages. 

The  hyaline  shell  of  conchyolin  is  secreted  first  and  grows  in  size, 
as  the  embryo  grows,  by  addition  to  the  free  margin  of  the  shell. 
Imprégnation  with  lime  salts  takes  place  at  a  later  date,  sometimes 
during  and  sometimes  after  the  capsular  stage.  In  rare  cases  the 
protoconch  is  not  impregnated  but  remains  in  a  corneous  condition, 
in  which  case  it  fails  of  préservation.  The  size  of  the  initial  whorls 
of  the  calcareous  protoconch  is  thus  determined  by  the  size  of  the 
hyaline  shell,  which  in  turn  is  a  measure  of  the  size  of  the  embryo  at 
the  time  the  shell  was  forming.  In  a  large  number  of  marine  proso- 
branchiate  gastropods,  as  well  as  some  other  groups,  the  embryo 
leaves  the  egg  envelope  in  the  veliger  stage  and  leads  a  free-swimming 
mero-planktonic  existence.  In  thèse  the  shell  is  well  developed,  so 
much  so  that  in  the  older  larva  the  head  and  vélum  may  be  withdrawn 
into  it.  Thus  the  form  and  size  of  the  early  whorls  of  the  protoconch 
in  thèse  types  is  determined  in  the  first  place  by  the  form  and  size  of 
the  embryo. 

In  a  number  of  marine  Prosobranchiates  the  entire  embryonic 
development  of  the  animal  is  passed  through  within  the  egg  capsule, 
the  animal  emerging  with  a  fully  developed  calcareous  shell  part 

way  along  in  the  conch  stages  of 
development.  The  veliger  stage  is 
passed  through  by  thèse  larvœ 
within  the  capsule,  and  though  the 
vélum  is  well  developed  and  large 
in  some  of  them,  it  is  apparently 
functionless  —  at  least  as  an  organ 
of  locomotion,  —  and  disappears  be- 
fore the  animal  leaves  the  egg 
capsule.  Conspicuous  examples  of 
FiG.  1.- Embryo    of   Sycotypus      ^j^j^  ^^^j^  ^f  development  are  found 

CaNALICULATUS   SHOWING  bHELL  .  c,  T        i  1      • 

(sH.).     X  29.  "^   Sycotypus  canaiicuLatus    and   m 

Fulgur  carica  of  the  southern  Atlan- 
tic coast  of  North  America.  Similar  conditions  hâve  been  observed 
in  species  of  Buccinum  and  Fasciolaria.  The  earliest  stage  in  which 
a  shell  has  been  observed  in  Sycotypus  is  shown  in  Fig.  1.     Hère  the 

'  See  Rabl,  Cari,  Uber  die  Entwickelung  der  Tellerschnecke,  Morpho- 
logifiches  Jahrbuch,  5,  1879,  p.  562;  Erlanger,  R.  von,  Zur  Entwickelung  von 
Paludina  vivipara,  ibid.,  17,  pp.  337-376,  1891. 
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FiG.  2.  —  A  soMEWHAT  Older  Embryo 
OF  Sycotypus  Canaliculatus  with 
THE  Vélum  (v)  and  Foot  (f) 
MORE  Strongly  Developed.  sh  = 
Shell,     x  29. 


lobes  of  the  vélum  hâve  just  begun  to  appear,  and  between  them  the 
foot  is  recognizable.  The  shell  is  hyahne  and  shghtly  curved,  cover- 
ing  about  a  third  of  the  embryo,  which  is  withdrawn  from  the  shell  to 
a  slight  extent.  A  somewhat  older  larva  (Fig.  2,  removed  from  the 
preceding  capsule  a  day  later)  shows  the  velar  lobes  and  foot  some- 
what more  strongly  developed,  while  the  shell  is  also  slightly  larger. 
The  shell  at  this  stage  shows  a 
considérable  degree  of  curvature, 
due  to  the  increase  of  growth  on 
one  side  over  the  other,  as  shown 
by  the  lines  of  growth  clearly 
indicated  upon  the  embryonic 
hyaline  shell  (Fig.  3).  As  there 
shown  the  original  shell  plate  is 
nearly  circular,  the  progressive 
additions  being  chiefîy  upon  one 
side.  The  addition  is  at  first 
symmetrical,  producing  a  nauti- 
loid  type  of  coil.  At  a  somewhat 
later  stage  (Fig.  4)  this  symmetry 
is  disturbed  by  a  slight  excess  of 
growth  on  one  side,  which  thus 

inaugurâtes  the  spiral  coiling.  This  asymmetry  of  growth  is  still 
better  shown  in  Figs.  ô  and  6.  At  about  this  time  the  protoconch 
becomes  impregnated  with  lime,  this  imprégnation  beginning  in  the 
earlier  portion  of  the  protoconch,  so  that  only  the  newly  added  por- 
tion is  hyaline  (Figs.  7,  8).  After 
this  the  lines  of  growth  become 
more  strongly  marked  and  crowded, 
as  the  calcareous  salts  are  rapidly 
deposited  (Fig.  9)  until  the  first 
volution  is  completed.  At  this 
stage  the  shell  is  umbilicated 
(Fig.  10),  and  the  vélum  about 
half  developed.  This  marks  the 
completion  of  the  protoconch 
proper,  but  the  vélum  does  not 
reach  its  full  size  until  the  char- 
acteristic  form,  though  not  the 
ornamentation  of  the  shell,  is 
produced.  The  vélum  disappears 
entirely  before  the  animais  leave 
the  egor  case. 
At  the  completion  of  the  first  volution,  near  the  end  of  the  proto- 
conch stage,  the  diameter  varies  from  1.3  to  1.64  mm.,  though  in  one 
case  (Fig.  9)  it  appears  to  be  as  high  as  1.75  mm.    When  the  vélum  is 


Fig.  3.  —  Hyaline  Shell  of  Sy'co- 
TYPUs  Canaliculatus  showing 
THE  Mode  of  Increase.     x  48. 
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fuUy  developed  just  before  émergence  from  the  egg  capsule,  a  typical 

spécimen  measured  3.18  mm.  in  height.     Fulgur  carica  at  the  same 

stage  has  a  length  of  4.59  mm. 

The  size  of  the  embryonic  shell  is  hère 
clearly  determined  by  the  size  of  the  em- 
bryo,  and  since  this  stage  is  passed  through 
entirely  within  the  capsule  it  can  hâve  no 
immédiate  relationship  to  the  environment. 
INIoreover,  variation  in  the  size  of  the 
initial  whorl  occurs  under  apparently  uni- 
form  environment.  Thus  the  protoconch 
of  Fulgur  carica,  which  lives  side  by  side 
with  Sycotypus  canaliculatus,  has  an  aver- 
age  diameter  of  1.8  mm.  or  over,  while 
the  averagê  diameter  of  the  protoconch  of 
S.  canaliculatus  is  1.3  mm.  or  less.  As  has 
been  noted,  there  is  a  corresponding 
diflference  in  the  size  of  the  shell  as  a  whole 
on  hatching.    In  Fasciolaria  gigantea  the 

initial  whorl  has  a  diameter  of  2.35  mm.,  while  that  of  Buccinum 

undatum  is  1.11  mm. 

In  a  récent  article  entitled  "  Ueber  Heterostylie  bei  Schnecken- 

schalen  und  ihre  Erklàrung,"  Professor  Dr.  O.  Boettger,  of  Frankfurt 


FiG.  4.  —  Hyaline  Shell 
OF  Sycotypus  Canali- 
culatus AT  A  Later 
Stage  than  that  shown 
IN  FiG.  3,  showing  Be- 
ginning  of  Asymmetri- 
cal Coiling.     X  29. 


FiGS.  5  and  6.  —  Sycotypus  Canaliculatus,  Early  Hyaline  Shell  (Pro- 
toconch), showing  Beginning  of  Anterior  Notch  and  Asymmetrical 
Coiling.     x  29. 


a.  M.,  attempts  to  explain  the  différence  in  the  size  of  the  initial  pro- 
toconch whorl,  as  well  as  the  différence  in  the  characters  of  the 
protoconch  as  a  whole,  by  the  assumj)tion  that  the  larger  initial  whorl 
is  characteristic  of  the  deep-sea  form,  while  the  smaller  one  is  nor- 
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mal  for  the  same  specics  oocurrinn;  in  sliallowt^r  water.  After  citing 
some  observations  of  Sturany's  to  tliis  ett'ect,  observations  which  we 
shall  diseuss  more  at  length  presently,  he  says: 

"Ich  ijlaube  ans  dicscn  interessanten  und  \vichti<;en  Beobaclitunj;en 
den  Sehluss   zieheii   zu   diirt'cii   dass    in  gewissen  Gattunfien  —  hier  bei 

IVIurex  und  l'nsus  —  cin  und 
dii-sclbr  Schncckciijirt  zwcicrlci 
vcrschicdcnc  Wirbcltonncii  aus- 
zul)ild('n  iin  Slaiidc  ist,  und 
dass  sich  dièse  Fiiliitjkeit  richtct 
nacli  der  Tiele  iU's  Meercs,  in 
der  flie  Schneckc  Icbt.  Die 
Strandfornien  bcyin'ijj;»'!!  sidi 
mit  dem  kleinercn,  spitzercn 
Wirbel,  die  Tiefseel'orin  nnisstc, 
uni  sieh  am  Leben  zu  erlialtcn, 
zu  dem  grossblasic^en  Wirbrlty- 
pus  ihre  Zuflueht  nehmen  ..." 


FiG.    7.  —  Sycotypus      Canaliculatus, 
Early  Stage  of  Protocoxch,  showing 

BY    ShADIXG    THE      PvRT     1MPKEGN.\TED 

wiTH  Lime,      x  32. 


An 


d  ara  in  : 


"Der  grossi  )Lasio;e  Wirl)el 
kann  theoretiseh  zwci  Zweeken 
dienen.  Entweder  die  Raumverofrosserung  hat  den  Zwcck, —  was  auf  den 
ersten  Bliek  als  das  naehstliegende  erseheint,  —  die  Sehale  zu  crlcichtern, 
um  dem  darin  wolmenden  Tiere 
eine  sehnellere  o(k'r  be(|uemere 
Ortsveranderung  zu  gestatten,  mit 
anderen  Worten  seine  aktive  Be- 
wegungsfiihigkeit  zu  vergriisscrn, 
oder  sie  hat  die  Aufgalje,  zu  verhin- 
dern,  dass  die  Schneeke  in  dem 
weiehen    Sehlamme    der    Tiefsee 

einsiinke,     und     hier    aus     Xah-      \         \   \--V  ^X,.^  \\  1  ''- v 

rungsmangel    oder    aus    anderen 
Ursaehen  zu  Grunde  cehe  .   .   ."  ^ 


FiG.    S.  SYCOTYPr.S      Canalitulatus 

Protocoxch,  impregnated  with 
Lime,  except  the  Outer  or  Last 
Added  Band.     >  32. 


The  observations  on  which 
Boettger  bases  thèse  generahza- 
tions  were  made  l)y  K.  Sturany 
on  Murex  and  Fiisus  of  the  Red 
Sea.- 

Two  forms  of  Fnsus  are  de- 
scribed  and  figured  by  Sturany,  Fiisus  bifrons  Stur.  and  F.  poncicosfaius 
Stur.     The  latter  is  regarded  as  only  a  variety  of  the  former,  though 

'  O.  Boettger,  XachricIdMatt  d.  dcutsch.  Malakologischen  GcscUschnfft.  190.5, 
pp.  28-29. 

-  R.  Sturany,  Die  Gastropoden  des  Roten  Meeres,  Denkschr.  d.  M  al  h.-  naL 
Classe.  K.     Akàd.  d.  Wissenschaften,  Wien,  74,  1903. 
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it  might  well  be  elevated  to  the  rank  of  a  distinct  species.     Of  the 
second  species  Sturany  says  :  ^ 

"Die  als  F.  paucicosiata  bezeichnete  Abweichung  vom  Typus, 
verrat  sich  gewohniich  schon  bei  jungen  Schalen  durch  das  relativ  gross- 
blasige  Embryonalgewinde,  sowie  durch  das  friihzeitige  aufhoren  der 
Querwiilste,  ..." 

Sturany  gives  no  measurements  of  the  protoconchs,  only  of  the 
shell  as  a  whole.  Judging  his  figures  to  be  accurate  reproductions,  we 
find  that  the  initial  whorl  of  an  adu\t  Fusus  bifrons  (Sturany,  PI.  1, 
Fig.  1  a)  has  a  diameter  of  1.9  mm.,  the  shell  coming  from  a  depth  of 
800  meters.  The  diameter  of  the  initial  protoconch  whorl  of  the  young 
individual  of  the  same  species  figured  by  Sturany  (PI.  1,  Fig.  3  a)  is 
1.6  mm.,  the  individual  coming  from  a  depth  of  780  meters.  It  is 
clear  that  this  différence  in  size  is  not  due  to  the  diflFerence  in  âge  of 
the  individual,  since  in  no  conceivable  manner  can  the  protoconch  of  a 
Fusus  shell  be  subsequently  enlarged.  It  is  clearly  a  case  of  original 
variation  (assuming  the  figures  to  be  accurate).  That  the  différence 
of  20  meters  is  sufficient  to  produce  this  différence  in  size  is  not  to 
be  considered  for  a  moment,  nor  do  I  believe  Boettger  had  in  mind 
such  slight  variations  in  his  generalizations. 

Turning  now  to  Fusus  paucicostata  Stur.,  we  find  that  the  only 
protoconch  figured  by  Sturany,  that  of  a  young  individual  from  a 
depth  of  690  meters,  is  2.15  mm.  or  .25  mm.  greater  than  that  of  the 
largest  protoconch  of  F.  bifroiis.  It  should  also  be  noted  that  the  two 
individuals  of  F.  hijrons  figured  by  Sturany  actually  come  from  a 
greater  depth  (780  and  800  meters)  than  does  the  figured  spécimen 
of  F.  paucicostata  with  the  larger  protoconch  (690  meters).  Taking 
the  ranges  of  thèse  species  as  a  whole,  F.  paucicostata  ranges  from  490 
to  876  meters  or  through  386  meters,  while  the  spécimens  of  F.  hijrons 
measured  by  Sturany  range  from  690  meters  to  800  meters,  though  the 
total  recorded  range  is  from  690  to  900  or  through  210  meters.  It  thus 
appears  that  Boettger's  generalizations  are  scarcely  applicable  to 
this  species,  though  he  has  used  it  as  one  of  his  illustrations.  In  fact, 
it  appears  that  the  greater  range  of  variability  in  size  of  the  protoconch 
is  within  the  same  species  in  nearly  the  same  depth,  the  différence  being 
.3  mm.,  whereas  the  différence  between  the  larger  protoconch  of  F. 
hijrons  and  that  of  F.  paucicostata  from  less  depth  is  only  .25  mm. 
Nor  does  the  différence  in  size  correspond  to  différence  in  depth,  for 
the  two  species  occur  side  by  side,  the  one  with  a  smaller  protoconch 
sometimes  even  occurring  at  greater  depths  than  the  species  with 
large  nucleus.  It  is  apparently  a  case  of  variation  independent  of  direct 
environment,  —  certainly  the  factors  appealed  to  by  Boettger  are  not 
operative  hère. 

It  should  be  further  noted  that  though  there  is  a  différence  in  size 

'  Loc.  cit.,  p.  220. 
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of  the  protoconch  there  is  no  différence  in  the  form  and  other  charac- 
teristics.  In  botli  species  the  protoconch  is  the  typical  Fusus  proto- 
conch consisting  of  an  obHque  and  rather  large  first  whorl,  with  the 
succeeding  whorls  coihng  on  a  partially  rotated  axis  and  ornamented 
by  fine  vertical  riblets.  The  protoconch  stops  abruptly,  and  the 
normal  shell  with  ribs  and  spirals  begins  abruptly.  This  type  of 
protoconch  has  been  observed  by  the  présent  writer  in  twenty-one 
other  species  of  Fusus,  in  ail  species  of  true  Fusus,  in  fact,  in 
which  the  apex  was  preserved.^  In  species  of  Fusoid  shells  in  which 
the  protoconch  was  of  a  différent  type  a  marked  différence  was  also 
found  in  the  characters  of  the  early  whorls. 

I  do  not  for  a  moment  intend  to  imply  that  the  protoconchs  of  ail 
the  species  of  Fusus  examined  by  me  were  absolutely  alike.  I  only 
mean  that  they  were  alike  in  kind;  they  were  ail  built  on  a  unit  plan, 
one  which  is  readily  recognizable  as  the  Fusus  type  of  protoconch. 
Such  variations  as  occur  are  of  the  kind  found  in  the  two  species  of 
Fusus  described  by  Sturany,  i.  e.,  the  size  of  the  initial  whorl  varies 
and  with  it  the  size  of  the  protoconch  as  a  whole.  Furthermore, 
a  différence  in  the  number  of  volutions  exists,  thèse  varying  from  a 
little  less  than  one  and  a  half  volutions  to  two  volutions  (Fusus  longiros- 
tris),  the  average  being,  however,  one  and  a  half  volutions.  The  di- 
ameter  of  the  first  volution  of  a  spécimen  of  modem  Fusus  turriculus 
is  .97  mm.,  that  of  a  Pliocène  Fusus  hredœ  .66  mm.;  that  of  a  Pli- 
ocène Fusus  longirostris  .8  mm.,  and  that  of  an  Eocene  Fiisus  asper 
.85  mm.  Another  modem  spécimen  of  F.  turriculus  has  a  diameter 
of  the  initial  whorl  of  1.4  mm.  Another  variation  that  is  frequently 
very  marked  is  in  the  number  of  riblets  on  the  last  whorl  of  the  pro- 
toconch, thèse  being  in  some  cases  very  few  (F.  acuminatus  Sowerby), 
occupying  only  a  small  fraction  of  a  whorl,  while  in  others  they  are 
very  numerous  and  crowded  and  may  occupy  an  entire  whorl  {F. 
longirostris  Brocchi).     (See  Phylogeny  of  Fusus,  pi.  xvii,  fig.  3.) 

In  spite  of  thèse  variations  the  fundamental  plan  of  the  Fusus 
protoconch  is  recognizable,  and  has  so  far  not  been  found  wanting  in 
any  true  Fusus,  indicated  as  such  by  ail  the  shell  characters. 

The  form  and  size  of  the  protoconch  of  such  near  relatives  of 
Fusus  as  Fulgur,  Sycotypus,  Buccinum,  and  Fasciolaria  are,  as  we 
hâve  seen,  determined  by  the  size  of  the  embryo  and  established  long 
before  the  individual  begins  its  free  existence.  It  is  difficult  to  conceive 
of  any  direct  influence  of  the  environment  in  establishing  thèse  feat- 
ures.  So  far  as  size  is  concerned,  it  has  been  shown  that  it  varies 
greatly  in  the  four  gênera  cited,  although  ail  of  them  live  within  the 
same  gênerai  depth,  and  at  least  two  of  them,  Fulgur  and  Sycotypus, 
are  almost  constantly  associated.  In  thèse  the  protoconch  is  large, 
larger  in  fact  than  in  most  species  of  Fusus,  yet  they  are  largely  con- 

'  A.  W.  Grabau,  Phylogeny  of  Fusus  and  its  Allies,  Smithsonian  Miscel- 
laneous  Collections,  No.  1417,  p.  8. 
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FiG.  9.  —  Sycotypus    Canaliculatus. 

COMPLETED    PrOTOCONCH.       X   32. 


fined  to  depths  of  from  1  to  10  fathoms.  That  the  size  of  the  initial 
whorl  of  the  protoconch  has  any  sélective  value  seems  extremely 
doubtful,  and  is  strongly  negatived  by  the  occurrence  under  the  same 

conditions  of  species  with  a 
large  and  those  with  a  smaller 
initial  whorl. 

Unfortunately  we  hâve  no  de- 
tailed  accounts  of  the  develop- 
ment  of  Fusus  and  the  stage  in 
shell  developraent  reached  by 
the  young  shell  on  émergence 
from  the  egg  capsule.  From 
analogy  with  its  near  relatives, 
it  seems  highly  probable  that 
the  protoconch  stage  is  com- 
pleted  before  émergence,  and 
that  it  therefore  cornes  under 
the  same  considération  as  that 
of  Fulgur  and  Sycotypus. 

Even  if  we  could  accept  the 
theory  that  the  size  of  the  initial 
whorl  has  a  sélective  value,  it  becomes  nearly  impossible  to  assign  such 
a  value  to  the  ornamentation  of  the  later  protoconch  whorls  of  Fusus 
and  allied  types.  That 
the  possession  of  few  or 
many  riblets,  or  for  that 
matter  their  absence  or 
présence,  can  hâve  any 
direct  sélective  value,  is 
difficult  of  conception. 
Certainly  that  such  vari- 
ation may  be  brought 
about  in  individuals  of 
the  same  species  by  the 
direct  influence  of  greater 
or  less  depth  and  of  bot- 
tom  characters  must  be 
considered  a  far-fetched 
hypothesis.  We  can,  I 
believe,  refer  thèse  vari- 
ations with  every  degree 
of  confidence  to  varia- 
tions in  the  embryo,  to  the  greater  or  less  supply  of  food,  and  to 
the  accélération  or  retardation  of  shell  development,  by  which  in  one 
case  the  shell,  built  more  slowly,  does  not  reach  the  degree  of 
development  or  size  obtained  in  the  case  of  more  accelerated  shell 


FiG.  10.  —  Sycotypus  Canaliculatus.  Pro- 
toconch SHOWING  UmBILICUS  AND  BeGIN" 
NiNG  OF  Anterior  Notch.     X  32. 
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FiG.    11.  —  Fusus 

(EOCENIC)  SHOW- 
ING  PrOTOCONCH 
AND  EaRLY  CoNCH 

Stages,     x  10. 


development.     In  other  words,  through  die  opération  of  the  laws  of 

retardation  or  bradygenesis  on  the  one  hand,  and  of  accélération  of 

tachygenesis  on  the  other,  types  are  produced  with  slightly  modified 

protoconch,  and  those  in  which  the  protoconch  is  strongly  modified, 

thèse  modifications  appearing  at  an  earher  stage. 

From  the  facts  so  far  set  forth,  it  would  seem  that  the  protoconch 

characters  are  the  resuit  of  inheritance  pure  and  simple,  and  that 

therefore  they  are  of  fundamental  significance  and 

importance  in  classification.     This  conclusion  is 

further  strengthened  by  the  fact  that  the  type  of 

protoconch  remains  the  same  in  species  of  Fusus, 

whether  found   in   the  Eocenic,   Oligocenic,   ]\Ii- 

ocenic,  Pliocenic,  or  in  the  modem  sea,  and  that 

in  ail  the  widely  distributed  species  of  the  présent 

day  the  type  of  protoconch  has  not  been  modified, 

though  the  environment  varies  considerably.    Thus 

Fusus  tuhcrculatus  of  the  sandy  coast  zone  of  the 

Indian  Océan  and  the  Red  Sea,  Fusus  marmoratus 

from  the  shallow  water  of  the  Gulf  of  Suez,  etc., 

F.  brasiliensis  from  a  depth  of  35  fathoms  off  the 

Brazilian  coast,  F.  rostratus,  which  ranges  from  2 

to  100  fathoms  (3-182  meters)  in  the  Mediterra- 

nean,  F.  eucosmius  from  coral  reefs  at  depths  of 

27  to  50  fathoms  ofip  Key  West,  and  F.  colus  from  the  East  Indies, 

Philippines,  Indian  Océan,  etc.,  at  depths  of  from  10  to  20  fathoms 

(18  to  3G  meters),  and  finally,  F.  bifrons  and  F.  paucicostatus  of  the 
Red  Sea,  ranging  to  depths  of  900  meters,  ail 
hâve  the  same  type  of  protoconch,  though 
the  characters  of  the  adult  shells  vary  greatly, 
and  of  course  the  variation  in  the  environ- 
ment is  very  pronounced. 

I  hâve  so  far  spoken  of-the  Fusus  type 
of  protoconch  only  as  characteristic  of  the 
species  of  Fusus.  But  it  is  by  no  means 
restricted  to  that  genus.  An  identical  type 
of  protoconch,  though  differing  in  size,  occurs 
in  Semifusus,  Pugilina,  and  IMelongena 
(Fig,  12),  and  again  in  Aptyxis,  a  close  rela- 
tive of  Fusus,  this  type  of  protoconch  seems 
to  be  characteristic.  It  is  also  found  in 
Purpura.     This  is  precisely  what  we  should 

expect  if  the  protoconch  characters  are  due  to  inheritance,  and  not 

to  local  influence  of    environment  during  the  development  of    the 

individual  as  claimed  by  Boettger.     It  is,  of  course,  perfectly  obvious 

that  if  the  hard  parts  of  mollusks  represent  in  permanent  form  the 

successive  steps  in   ontogenetic  difïerentiation,  then  the  earliest  of 


Fig.  12.  —  Semifusus 
Protoconch  and 
E.\RLY  CoNCH  Stages. 
x4. 
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thèse  hard  parts,  i.  e.,  the  protoconch,  should  préserve  primitive 
characteristics  which  a  large  number  of  related  types  hâve  in  com- 
mon.  As  I  hâve  repeatedly  emphasized,  the  earhest  stage  of  the 
protoconch,  i.  e.,  the  first  vokition,  is  of  the  same  type  in  the  majority 
of  Hving  gastropods,  being  a  simple  smooth  and  umbilicated  coil, 
with  the  tube  gradually  enlarging,  and  with  the  aperture  nearly 
circular,  and  holostomous  (Fig.  10).  This  type  recalls  the  adult 
characters  of  the  earliest  known  coiled  gastropod,  Straparolliita 
rsmoia  of  the  lower  Cambric  of  northeastern  North  America,  a  type 
which  may  well  be  regarded  as  the  ancestral  coiled  gastropod. 

That  Semifusus,  Pugilina,  etc.,  and  Aptyxis  are  closely  related 
to  Fusus  admits  of  no  doiibt.  They  are  derivatives  from  the  same 
ancestral  stock,  which  probably  was  more  nearly  Fusus-like,  and  this 
relationship  is  shown  in  the  identity  of  types  of  protoconch.  The 
Eocene  Clavilithes  and  the  Cretacic  (  ?)  to  modem  Latyrus  and  Pur- 
pura are  more  distanUy  related  to  Fusus,  representing  early  ofïshoots 
from  the  same  ancestral  stock  from  which  Fusus  was  derived.  This 
relationship  is  seen  in  the  similarity  of  protoconch. 

In  commenting  on  my  generic  séparation  of  Aptyxis  from  Fusus 
on  the  basis  of  différence  of  adult  characters,  while  the  protoconch 
and  early  conch  stages  are  identical,  Cossman  ^  says:  "...  et  c'est 
là  précisément  que  le  principe  posé  par  M.  Grabau  se  trouve  immé- 
diatement mis  en  défaut."  This  sentence  shows  that  Cossman 
wholly  misunderstands  the  principle  in  question,  namely,  that  the 
protoconch  and  early  conch  characters  are  indicative  of  genetic  (not 
necessarily  geiicric)  relationship.  Although  I  hâve  asserted,  and  still 
most  emphatically  assert,  that  no  true  Fusus  can  hâve  other  than  the 
Fusus  type  of  protoconch,  I  hâve  nowhere  said  that  I  considered  the 
'  Fusus  type  of  protoconch  confined  to  Fusus.  Indeed,  I  hâve  given 
illustrations  of  the  Fusus  type  of  protoconch  in  différent  gênera,  but  I 
hâve  maintained  and  still  maintain  that  thèse  gênera  in  which  this 
type  of  protoconch  is  known  to  occur  are  either  close  relatives  of 
Fusus,  or  derived  genetically  from  the  stock  from  which  Fusus  was 
derived,  and  that  the  protoconch  is  the  surest  indicator  of  this  rela- 
tionship, or,  as  Boettger  has  well  phrased  it,  "Fin  Adelsbrief  .  .  . 
der  Gattung  und  Famille  von  der  die  Schnecke  abzulciten  sei."  ^ 
If  Professor  Boettger  would  only  see  the  truth  of  this  statement 
of  his. 

On  the  hypothesis  defended  by  Boettger,  Cossman,  and  others 
that  the  protoconch  is  variable  even  within  the  genus  to  the  extent 
that  an  entirely  différent  type  of  protoconch  may  be  developed,  it  is 
absolu tely  incompréhensible  why  the  Fusus  type  of  protoconch 
should  be  maintained  in  its  essential  unity  in  a  variety  of  related 
gênera,  and  be  replaced  by  a  wholly  différent  type  in  some  supposed 

'  Essais  de  Palœoconchologie,  7®  liv.  p.  226. 
2  Loc.  cit.,  p.  29. 
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species  of  Fusiis  itself.  It  is  not  difficult,  however,  to  understand  the 
existence  of  this  t}^e  of  protoconch  in  descendants  of  a  common 
ancestor,  but  on  this  interprétation  the  species  of  fusoid  shells  with 
a  protoconch  of  a  différent  type  [i.  c,  '' Fusus"  meyeri  Aldrich, 
" Fusiis"  srrratus  Desh.,  " Fksus"  qucrcollis  Harris,  etc.),  must  be 
regarded  as  unrelated  to  true  Fusus,  though  resenibhng  it  in  adult 
form.  It  is  interesting  to  note  that  in  the  species  cited  not  only  is  the 
protoconch  quite  distinct  in  type,  but  that  the  young  shell  characters 
are  hkewise  différent  from  those  of  ail  species  of  true  Fusus,  i.  e., 
species  with  a  Fusus  type  of  protoconch. 

The  foregoing  considérations  lead  to  the  inévitable  conclusion 
that  the  protoconch  of  Gastropods  has  a  very  important  phylogenetic 
significance,  in  that  it  préserves  intact  inherited  characteristics, 
instead  of  being  merely  a  product  of  local  environmental  conditions. 
The  gastropod  protoconch  is  therefore  a  true  guide  to  phyletic  rela- 
tionship,  and  it  becomes  invaluable  for  the  détermination  of  the  larger 
taxonomic  divisions.  It  foUows,  as  a  natural  corollary,  that  smaller 
divisions,  such  as  gênera,  must  hâve  ail  their  species  agrée  in  the  type 
of  protoconch,  and  that  in  conséquence  the  protoconch  becomes 
the  primary  guide  in  the  détermination  of  gênera,  and,  conversely, 
no  genus  can  hâve  species  with  différent  types  of  protoconch, 
although  variation  w^ithin  the  type  roay  be  considérable.  The 
protoconch  is  often  more  reliable  than  the  adult  shell  charac- 
ters, as  illustrated  by  the  so-called  Eocenic  fusoid  shells  above 
referred  to. 

The  early  conch  stages.  —  Thèse  represent  the  degree  of  devel- 
opment  reached  by  the  infant  individual,  and  in  related  species  of 
the  same  genus  are  identical  in  ail  essentials.  Absolute  identitv  can- 
not  of  course  be  looked  for,  for  individual  différences  exist  hère  as 
in  the  later  stages,  though  they  are  less  marked  and  may  escape  notice 
altogether.  Not  infrequently  the  earliest  morphic  stages  of  the 
conch  are  omitted  or  telescoped  with  the  later  protoconch  stages  as  in 
Fusus.  Hère  the  conch  begins  abruptly  with  round  whorls,  simple 
rounded  ribs  which  extend  from  suture  to  suture,  and  a  few  nearly 
uniform  primary  spiral  lines  (Figs.  11,  15^).  In  most  species  this 
round  whorled  stage  is  followed  by  an  angulation  of  the  whorl,  which 
may  begin  very  late  or  after  only  a  few  round  whorls.  In  ail  species, 
however,  with  a  Fusus  protoconch  the  round  whorled  stage  appears 
first.  Secondary  spiral  lines  generally  appear  in  the  older  portion  of 
the  shell.  Thèse  may  appear  very  early,  after  only  a  few  volutions, 
with  simple  spirals,  or  late,  when  the  round  whorled  condition  changes 
to  the  aneular  whorled  one.     In  ail  cases  of  true  Fusus  the  earliest 

'■  The  figure  does  not  emphasize  sufficiently  the  sharp  contrast  between  the 
delicately  ribbed  final  portion  of  the  protoconch  and  the  coarsely  ribbed  and 
spiralled  conch.  The  contrast  is  as  pronounced  as  in  Fig.  12,  but  the  conch 
whorls  are  rounded. 
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conch  whorls  bear  simple  spirals.  That  thèse  early  conch  whorls,  with 
rounded  ribs  and  simple  spirals  represent  the  adult  condition  of  tlie 
ancestral  species  of  Fusus,  is  shown  by  the  fact  that  thèse  Eocenic 
species  (Fusus  porrectus,  F.  adculatus,  F.  asper,  etc.)  do  not  pass 
beyond  this  simple  condition  of  the  whorls  in  the  adult  (Fig.  13). 
Ail  Eocenic  species  of  Fusoid  shells  (so  far  as  examined  by  the  writer) 
which  pass  beyond  this  condition  in  the  adult 
hâve  a  type  of  protoconch  whoUy  distinct  from 
that  of  Fusus,  and  in  fact  are  not  species  of 
Fusus  at  ail.  Exaniples  of  such  are  "Fusus" 
serratus  (Desh.)  of  the  Paris  Eocenic,  and  "Fusus" 
meyeri  (Aldrich)  and  " Fusus"  quercollis  Harris, 
of  the  American  Eocenic. 

The  first  of  thèse  species  is  not  only  widely 
distinct  in  its  adult  characters  from  the  true  Fusus 
of  the  Eocenic,  but  also  difîers  markedly  in  the 
characters  of  the  protoconch  and  early  conch- 
whorls.  This  différence  is  not  one  of  degree  but 
of  kind,  the  protoconch  being  constructed  on  a 

^         „  p  distinct  plan.      Cossman  regards  this  species  as  a 

Asper  (Eocenic)      ^^'^^  Fusus  sens,  strict.,  but  both  protoconch  and 
X  5/3.  early  conch  characters  indicate  that  its  origin  is 

most  likely  from  some  of  the  early  shells  generally 
referred  to  Pleurotoma.  In  a  previous  publication  ^  I  placed  this 
species  provisionally  and  with  a  query,  in  the  same  genus  with 
"Fusus"  meyeri  iVld.,  which  was  made  the  type  of  the  genus 
Falsifusus;  I  further  pointed  out  the  différences  between  the  proto- 
conchs  of  the  two  species,  and  added:  "It  is  most  probable  that  the 
présent  species  [F.  serratus]  has  originated  entirely  independently 
of  the  American  Fusoid  shells,  probably  from  some  Pleurotomoid 
ancestor.  If  this  is  true,  this  species  cannot  be  referred  to  Falsi- 
fusus, but  must  be  placed  in  a  new  genus."  ^  M.  Cossman's  state- 
ment  "...  tandis  que  M.  Grabau  le  classe  parrai  les  Falsifusus!"  ^ 
is  therefore  not  accurate,  and  his  comment,  "C'est  la  preuve  la  plus 
évidente  que  son  critérium  est  insuffisamment  défini,"  is  inapplicable. 
Fusus  meyeri  Aldrich  (the  type  of  the  genus  Falsifusus)  is  like- 
wise  much  more  accelerated  than  any  true  Fusus,  whether  fossil  or 
récent.  The  early  whorls  (Fig.  14)  are  angular,  a  condition  unknown 
in  true  Fusus,  while  the  protoconch  is  of  a  type  entirely  distinct  from 
Fusus,  but  is  similar  to  that  found  in  certain  Pleurotomoid  shells. 
Only  the  adult  form  is  Fusus-like,  but  one  might  as  well  consider 
Fusus-like  Pleurotomas  related  to  Fusus.  M.  Cossman's  refusai 
to  accept  this  type  as  distinct  from  Fusus  is  a  refusai  to  classify  by 

*  Phylogeny  of  Fusus,  etc.,  p.  84. 

2  Loc.  cit.,  pp.  85-86. 

'  Essais  de  Paléoconchologie  comparée,  7nie  Ivr.  p.  227. 
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other  than  superficial  adult  characters.  Such  classifications  are  a 
joy  to  the  amateur,  but  they  are  wholly  artificial  and  therefore  un- 
scientific.  Fusns  qucrcolUs  Harris  has  been  made  the  type  of  the 
genus  P'ulgurofusus,  which  INI.  Cossman  refuses  to  accept  because 
he  regards  the  différences  in  the  protoconch  and  early  conch  stages 


FiG.  14.  FiG.  15.  FiG.  16. 

FiG.  14.  —  FuLSiFusus  Meyeri,  Protoconch  and  Early  Conch  Stages,  x  16. 
FiG.  15.  —  Fusus  TuRRicuLus,  Protoconch  and  Early  Conch  Stages,  x  10. 

FlG.16. — FULGUROFUSUS  QUERCOLLIS  PrOTOCONCH  AND  EaRLY  CoNCH  StAGES. 

xl6. 

between  this  species  and  true  Fusus  as  "imperceptible."  A  glance 
at  my  illustrations  of  this  protoconch  {Loc.  cit.,  pi.  xvii,  Fig.  6)  re- 
produced  in  Fig.  16,  and  that  of  Fusus  {ibid.,  Figs.  1,  2)  reproduced 
in  Fig.  15,  should  hâve  saved  him  from  this  statement.  So  striking 
are  the  différences  that  it  seems  strange  that  a  man  of  M.  Cossman's 
acumen  could  overlook  them.  If  the  comparison  had  been  made  be- 
tween the  protoconchs  and  early  conch  stages  of  Fulgurofusus  and 
Columbarium,  the  statement  that  the  différences  are  imperceptible 
might  possibly  be  pardoned.  As  well  might  the  protoconch  of 
Fulgur  be  regarded  as  identical  with  that  of  Fusus.  I  can  only  con- 
ceive  that  M.  Cossman  must  hâve  overlooked  the  illustration  (drawn 
with  the  greatest  accuracy  by  Miss  Elvira  Wood,  A.M.,  herself  a 
pala^ontologist  and  an  accurate  observer  and  accomplished  artist) 
and  likewise  missed  the  description  given  under  the  genus.  Only 
the  first  part  of  the  protoconch  of  Fulgurofusus  is  identical  with  that 
of  Fusus,  but  in  the  same  measure  it  is  identical  with  that  of  Fulgur, 
Sycotypus,  Fasciolaria,  Buccinum,  Columbarium,  several  "Pleuro- 
tomas,"  and  others.  It  lacks  entirely  the  delicately  ribbed  later  por- 
tion of  the  Fusus  protoconch,  and  its  final  strong  varix,  —  features 
always  présent  in  the  protoconchs  of  true  Fusus.  Instead,  an  angu- 
lation  appears  as  in  Fulgur,  this  in  F.  quercollis  (Fig.   17)  being 
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FiG.  17.— FULGU- 

ROFUSUS  QUER- 
COLLIS       (aJ'TER 

Harris)  . 


double,  but  single  in  F.  rugatus  Aldrich  (Fig.  18).     Ribs  cross  the 
whorls  and  becorae  nodes  on  the  annulation. 

If  the  whorls  of  a  small  Fulgur  lost  the  power  of  close  coiling,  so 
that  each  succeeding  whorl  would  embrace  the  preceding  one  only 
to  a  slight  extent,  instead  of  embracing  it  to  the  angulation  at  the 

ambitus,  we  should  hâve  a  form 

almost  exactly  like  Fulgurofusus. 

Variation  in  the  amount  of  em- 
bracing occurs  in  ail  phvletic  lines, 

and  is  a  secondary,  not  a  primary 

feature.     Were   the  objection    to 

the  new  generic  name  a  real  one, 

the    species    in    question    would 

hâve  to  be  referred  to  Fulgur  as 

the  nearest  genus  described.    But 

they  can    never    be   referred   to 

Fusus  by  any  one  who  lias  given 

the  protoconch   and  early  conch 

stages  more  than  cursory  atten- 
tion. 

While  the  early  conch  whorls 
of  true  Fusus  are  always  round,  Semifusus,  an 
accelerated  relative  of  Fusus,  with  the  same  type 
of  protoconch,  shows  an  angulation  in  the  earliest  whorls  (Fig.  12). 
This  angulation  is  of  the  type  which  normally  succeeds  the  round- 
whorled  stage  in  Fusus.  Semifusus  also  départs  from  the  Fusus  type, 
in  its  doser  coiling,  the  whorls  strongly  embracing  each  other  and 
thus  producing  a  coarser,  broader  type  of  fusoid  shell,  resembling  in 
that  respect  the  Fulgurs.  This  is,  of  course,  partly  incident  to  a  more 
rapid  expansion  of  the  shell  due  to  more  rapid  growth  of  the  animal, 
whereas  in  Fusus  the  tube  expands  very  slowly. 

I  believe  that  we  are  justified  in  drawing  generic  lines  among 
gastropods  on  the  basis  of  agreement  of  early  conch  characters,  as 
well  as  protoconchs.  Certainly  no  two  types  in  which  the  early 
conch  characters  are  markedly  distinct  should  be  considered  congen- 
eric,  even  though  the  protoconchs  agrée,  unless  it  can  be  shown  that 
the  différence  in  the  early  conch  stages  is  due  to  greater  or  less  accél- 
ération in  development.  Of  course  it  may  seem  désirable  to  draw 
generic  lines  more  closely  than  this,  for  species  agreeing  in  the  pro- 
toconch and  early  conch  characters  may  yet  diflfer  so  widely  in  adult 
characters  that  it  may  be  necessary  to  make  two  or  more  distinct 
gênera.  In  that  case  the  early  conch  stages  and  the  protoconch  as- 
sume family  or  ordinal  values. 


Fig.  18.  — Fulgu- 
rofusus      Eu- 

GATUS        (aFTEB 

Harris). 


MUTATIONS    OF    SPIRIFER    MUCRONATUS 

(Abstract) 
A.  W.  GRABAU  AND  MAllGARET  IlEED 

Spirifer  mucro^atus  (Vannx(Mn)  is  a  characteristic  brachiopod  of 
the  Middle  Devonic  or  Ilainilton  formation  of  Nortli  America.  It 
is  an  exceedingly  variable  type,  and  its  abundance  makes  it  a  satis- 
factory  one  for  investigation.  Five  distinct  lines  of  independent 
évolution  hâve  so  far  been  discovered,  each  startinp;  with  the  normal 
long-winged  or  mucronate  type  of  the  lower  Hamilton.  Thèse  lines 
are  Spirifer  mucronatus  Vanuxem  s.  s.,  Sp.  thcdjordcnsis  Shimer  and 
Grabau,  Sp.  profundus  Grabau,  Sp.  mucronatus  var.  atténuât  us  Gra- 
bau,  and  Sp.  mucronatus  var.  multiplicatus  Grabau.  Each  of  thèse 
shows  a  progressive  development  frora  a  broad  mucronate  type  to  a 
short  non-mucronate  type,  the  development  being  parallel  in  the  vari- 
ons séries.  This  is  expressed  by  the  shell  index  of  the  pedicle  valve 
obtained  by  measuring  its  length  from  beak  to  front  along  the  médian 
curvature  and  dividing  this  into  the  width.  The  usual  method  of 
measurino;  the  heiirht  of  the  valve  on  a  vertical  line  from  beak  to  front 
does  not  give  an  accurate  représentation  of  the  proportions.  The 
primitive  mutations  of  Sp.  mucronatus  range  about  an  index  of  3, 
the  width  being  three  times  the  length.  A  séries  from  the  lower  Ham- 
ilton of  Michigan  showed  a  range  from  3  to  0.85,  with  practically  ail 
intermediate  stages  represented  by  adults,  ail  derived  from  one  locality 
and  horizon.  The  index  of  the  prédominant  mutations  ranged  from 
2.1  to  2.3.  At  an  earlier  stage  (the  neanic)  the  index  of  the  most 
rotund  form,  which  in  the  adult  was  0.85,  was  1.77,  there  being  in 
the  séries  an  adult  form  with  the  same  index.  This  shows  that  the 
short  or  rotund  mutation  with  the  low  index  passed  through  a  more 
primitive  stage  or  stages  in  its  ontogeny,  thèse  same  stages  being  still 
persistent  in  less  accelerated  adult  types  associated  with  it. 

Spirifer  thedfordensis  S.  &  G.  from  the  upper  Hamilton  of  Ontario, 
Canada,  rano^ed  from  1.70  to  0.73,  the  dominant  individuals  aver- 
arrino-  from  1.1  to  1.2.  It  will  be  observed  that  in  this  later  horizon 
the  entire  séries  has  progressed  towards  lower  indices,  the  most  prim- 
itive (or  least  accelerated)  individual  having  a  much  lower  index 
than  the  corresponding  primitive  individuals  of  the  lower  séries 
from  which  8.  thedfordensis  was  derived.  It  will  also  be  noted  that 
the  index  of  the  half-grown  (neanic)  stage  of  the  individual  repre- 
senting  the  most  advanced  condition  in  the  earlier  séries  corresponds 
almost  precisely  to  the  index  of  the  least  specialized  adult  of  the  higher 
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séries.  It  is  further  évident  that  the  dominant  mutation  of  S.  thedfor- 
densis  has  a  lower  index  (1.1  to  1.2)  than  the  dominant  mutation  of 
S.  mucronatus  s.  s.  from  the  lower  horizon  (2.1  to  2.3),  and  Hkewise 
that  the  most  speciaHzed  member  of  the  thedfordensis  séries  has  a 
lower  index  (0.73)  than  the  most  speciaHzed  member  of  the  mucro- 
natus s.  s.  séries  (0.85).  The  paraneanic  stage  of  the  most  special- 
ized  S.  thedfordensis  (adult  index  0.73)  has  an  index  of  1,  while  the 
ananeanic  stage  has  an  index  of  1.43.  In  the  séries  of  mutations 
occur  adult  individuals  whose  indices  correspond  exactly  to  thèse 
indices  of  the  immature  individual.  An  adult  individual  with  index  of 
1  in  turn  gave  an  index  of  1.6  for  the  neanic  stage.  Adult  individ- 
uals with  this  index  likewise  occur. 

Spirifer  profundus  Grabau,  another  derivative  of  the  primitive 
S.  mucronatus  in  the  Upper  Hamilton  of  Michigan,  shows  a  range  in 
index  from  2  (mut.  lata)  to  1  in  the  extrême  form,  the  type  of  the 
species.  The  latter  has  a  neanic  index  of  1.44,  which  corresponds  .to 
the  adult  index  of  mutation  intermedia  (1.58-1.41)  of  the  same 
séries. 

Spirifer  mucronatus  var.  attenuatus  Grabau,  associated  with  the 
preceding,  and  like  it  derived  from  primitive  Sp.  muxironatu^,  shows 
mutations  ranging  in  index  from  3.27  to  1.76. 

Spirifer  mucronatus  var.  multiplicatus  Grabau,  an  independent 
line  of  radiation  from  the  ancestral  »S.  mucronatus  stock  and  occurring 
somewhat  later  in  the  geological  séquence  than  that  species,  shows  a 
range  in  adult  index  from  2.12  to  1.27.  The  following  shows  some 
of  the  more  striking  mutations  : 


Individual 

Adult 

or  Ephebic 

Youtliful  or  Neanic 

a. 

2.12 

3.47 

h. 

1.92 

2.9 

c. 

1.6 

2.1 

d. 

1.5 

2.4 

e. 

1.4 

1.9 

/. 

1.27 

1.55 

It  will  be  observed  that  the  neanic  of  individual  c  corresponds  to 
the  adult  of  a;  the  neanic  of  e  corresponds  to  the  adult  of  h; 
while  the  neanic  of  /  corresponds  to  an  adult  between  c  and  d. 
Individual  d  is  somewhat  abnormal  in  that  it  shows  a  higher  neanic 
index  than  c  which  has  a  higher  adult  index.  Such  variations  are, 
of  course,  to  be  expected. 

Note.  —  Référence  to  Michigan  material  is  hère  made  by  permission  of  the 
State  Geologist,  Dr.  A.  C.  Lane. 


SUR  UN  NOUVEAU  GENRE  D'ONCxUUËS  ÊOCÈNES, 
LE  LOPHIASPIS,  DE  LA  FA.MILLE  DES  LOPHIO- 
DONTIDÉS 

CHARLES  DEPÉRET 

La  famille  des  Lophiodontidés  comprend,  dans  l'Eocène  d'Europe, 
deux  genres  à  évolution  parallèle,  les  Lofhiodon  Cuvier  et  les  Chas- 
moi  herium  Rutimeyer.  Les  deux  genres  apparaissent  en  même 
temps,  à  la  fin  de  l'Eocène  inférieur,  dans  l'étage  Yprésien  supérieur 
d'Ay  et  de  Cuis  et  se  continuent  en  plusieurs  petits  rameaux  parallèles 
à  travers  le  Lutécien  jusqu'à  la  fin  de  l'Eocène  moyen  (Bartonien)  oii 
ils  s'éteignent  ensemble  sans  laisser  de  descendants.  L'apparition  des 
Lophiodon  et  des  Chasmot herium  dans  l'Yprésien  supérieur  parais- 
sait jusqu'ici  tout  à  fait  brusque.  Nous  ne  leur  connaissions  aucun 
ancêtre,  de  sorte  que  leur  présence  en  Europe  semblait  pouvoir 
s'expliquer  par  une  migration  brusque,  dont  l'origine  demeurait  pour 
l'instant  tout  à  fait  inconnue. 

J'ai  eu  récemment  l'occasion  de  pratiquer  des  fouilles  dans  un 
gisement  Eocène,  découvert  par  mon  savant  collègue  ]\L  le  professeur 
Vasseur,  aux  environs  d'Aix  en  Provence,  près  du  hameau  de  Palette. 
La  couche  marno-ligniteuse  qui  contient  les  ossements  est  intercalée 
au  sein  d'une  épaisse  série  de  calcaires  et  de  marnes  lacustres,  qui 
représentent  la  série  des  étages  Eocènes  depuis  le  Thanétien  jusqu'au 
Lutécien  supérieur.  Le  niveau  fossilifère  est  attribué  par  M.  Vasseur 
au  Lutécien  inférieur.  J'ai  des  raisons  de  le  considérer  comme  un  peu 
plus  ancien  et  de  le  rapporter  à  l'Yprésien,  probablement  à  la  moitié 
inférieure  de  cet  étage. 

Mon  habile  préparateur  ]\I.  INIaurette  a  recueilli  dans  cette  couche 
un  magnifique  palais  en  très  bon  état  portant  en  place  des  deux 
côtés  la  série  des  trois  M.  et  des  trois  P.  Il  a  recueilli  en  outre 
une  canine  assez  allongée  probablement  supérieure  et  une  prémolaire 
inférieure,  peut-être  l'avant-dernière. 

La  dentition  supérieure 'présente  de  grandes  analogies  de  structure 
avec  celle  des  Lophiodon.  Les  prémolaires  sont  relativement  peu 
développées  et  beaucoup  plus  simples  que  les  arrière-molaires  (denti- 
tion hétérodonte).  La  dernière  p  4,  de  forme  triangulaire,  montre 
deux  denticules  externes  très  rapprochés  et  un  gros  denticule  interne 
(protocone)  rattaché  par  deux  arêtes  de  jonction  à  chacun  des  deux 
denticules  externes.  L'avant-dernière  prémolaire  p  3  a  à  peu  près 
la  même  structure,  mais  l'arête  de  jonction  postérieure  du  proto- 
cone est  très  basse  et  presque  disparue. 
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Les  arrière-molaires  seraient  identiques  à  celles  d'un  Lophiodon 
ou  d'un  Chasmotheriiim  de  très  petite  taille,  si  un  caractère  très  spé- 
cial et  très  intéressant  ne  permettait  de  les  en  séparer  à  première 
vue:  chez  les  Lophiodon  et  les  Chasmotherium,  les  deux  crêtes 
transverses  qui  «se  détachent  de  la  muraille  externe  pour  se  diriger 
en  dedans  sont  simples  sans  aucune  trace  sur  leur  trajet,  d'un  denti- 
cule  intermédiaire  (protoconule).  Dans  l'animal  de  Palette,  au  con- 
traire, l'arête  transverse  du  lobe  antérieur  présente  sur  le  milieu  de 
son  parcours  une  pointe  ou  protoconule  parfaitement  distincte  ;  cette 
pointe  intermédiaire  fait  défaut  sur  le  lobe  postérieur  ou  du  moins 
ce  métaconule  y  est  à  peine  indiqué  par  une  trace  assez  confuse. 

Nous  avons  donc  affaire  à  un  animal  plus  archaïque  que  les 
autres  Lopliiodontidés,  et  chez  lequel  la  structure  sextuherculaire  des 
anciens  Ongulés  est  encore  restée  apparente,  alors  que  le  fusion  des 
denticules  intermédiaires  et  internes  en  une  crête  simple  est  complète- 
ment réalisée  chez  les  Lophiodon  et  les  Chasmotherium.  Nous 
avons  par  suite  le  droit  de  considérer  cet  animal  comme  une  forme 
ancestrale  de  la  famille  des  Lophiodontidés,  forme  plus  voisine  du 
type  hétérodonte  des  Lophiodon  que  du  type  plus  homœodonte  des 
Chasmotherium.  Peut-être  l'animal  de  Palette  pourrait-il  être  re- 
gardé comme  un  type  ancestral  commun,  duquel  auraient  divergé  ces 
deux  genres. 

En  raison  de  la  structure  de  ses  arêts  dentaires,  je  donnerai  à  ce 
nouveau  genre  le  nom  de  Lophiaspis  en  dédiant  l'espèce  à  M.  Maurette 
{L.  Maurettei)  qui  l'a  extraite  de  son  gisement. 

Aucun  des  genres  de  Lophiodontidés  américains  que  j'ai  pu  étu- 
dier au  Musée  de  New- York,  le  Colodon,  Vllelaletes,  l'Heptodon,  ne 
présentent  non  plus  trace  de  la  structure  sextuherculaire  primitive; 
dans  tous  ces  genres,  les  denticules  intermédiaires  sont  fondus  en  une 
arête  simple.  Le  seul  animal  Eocène  américain  sur  lequel  j'ai  pu,  sur 
l'indication  de  mon  savant  ami  IM.  le  professeur  Osborn,  observer 
une  structure  des  M.  analogue  à  celle  du  Lophiaspis,  est  le  Triplopus 
amarorum  Cope  de  l'étage  de  ^Yhasakie  (Bridger  supérieur).  Sur  la 
pièce  type  (]\Ius.  New-York)  où  les  molaires  sont  malheureusement 
en  partie  brisées,  on  observe  l'existence  d'un  protoconule  bien  séparé 
et  assez  gros.  iNIais  je  ne  pense  pas  que  cette  forme  puisse  être  rat- 
tachée à  la  famille  des  Lophiodontidés;  ses  molaires  inférieures  à 
deux  collines  nettement  crescento  des  rappellent  plutôt  le  groupe  des 
Rhinocéridés  primitifs  et  je  serais  disposé  avec  Zittel  à  réunir  le 
Triplopus  amarorum  à  la  famille  des  Hyracodontidés. 


THE  EVOLUTION  OF  THE  CERATOPSIA 

KICILVRD   S.  LULL 

The  Ceratopsia  or  horned  dinosaurs  represent  a  group  of  forms 
confined  to  the  western  part  of  North  America,  the  remains  of  which 
are  now  found  ranging  from  Alberta  to  New  Mexico  in  a  narrow 
belt  along  the  eastern  uplift  of  the  Rocky  Mountains.  (reologically, 
they  are  found  only  in  the  latter  half  of  the  Upper  Cretaceous,  ap- 
pearing  suddenly  in  the  fresh  water  Judith  River  beds  (the  Belly 
River  of  Canada),  and  ranging  to  the  close  of  the  so-called  Laramie. 
The  record  of  their  course  is,  however,  incomplète,  owing  to  the 
intervention  of  marine  beds  of  considérable  thickness  in  which  from 
the  nature  of  things  few  remains  of  land  animais  are  found. 

The  Cretaceous  dinosaurs  represent  two  great  groups,  of  car- 
nivorous  and  herbivorous  habits;  the  second  sort,  the  Predentata, 
including  in  turn  two  distinct  races,  the  Iguanodontia,  most  of  which 
still  retained  the  ancestral,  bipedal  gait  and  were  more  or  less  conserva- 
tive  in  their  évolution,  and  the  Ceratopsia,  huge,  quadrupedal  forms 
with  a  head  remarkable  not  only  for  its  armament  but  also  for  its 
great  size,  the  skull  attaining  nearly  one  third  the  total  length  of 
the  animal. 

Distinctive  features The  body  was  bulky,  borne  upon  four 

massive  limbs,  those  in  front  being  not  only  shorter  than  the  hinder 
pair,  but  more  strongly  flexed  at  the  shoulder  and  elbow  so  that  the 
animal  stood  much  lower  at  the  shoulder  than  at  the  bips.  We  do 
not  know  the  exact  length  of  the  tail,  a  complète  spécimen  never 
having  been  found.  It  seems  to  hâve  been  massive,  however,  and 
to  hâve  been  borne  somewhat  stifïly,  reminiscent  of  its  ancestral 
use  as  a  counterpoise  for  the  weight  of  the  body  when  walking  on  the 
hind  limbs. 

The  skull  and  dentition  constitute  by  far  the  most  notable  features 
of  the  organism,  and  in  the  head  in  particular  remarkable  evolution- 
ary  changes  are  recorded.  The  huge  size  of  the  head  is  due  not  to 
the  large  size  of  the  cranium  proper,  but  to  the  development  of  the 
facial  région  and  especially  to  the  great  bony  frill  which  mantled 
the  neck.  This  consists  of  the  backward  extension  of  the  pariétal 
and  squamosal  éléments  of  the  skull  into  a  broad,  hood-like  expan- 
sion, either  complète  or  with  a  large,  latéral  opening  on  either  side 
of  the  médian  line. 

This  frill  was  either  embedded  in  the  flesh  of  the  neck  or,  having 
the  margin  more  or  less  free,  was  covered  during  life  with  a  snugly 
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fitting,  hornv  iiivc'stiturc'  tlic  présence  oï  which  is  iiulieated  hy  tlie 
(leep  channelings  ol"  blood  vesscls  which  are  inipressed  iiito  the  sur- 
face. The  iiiai'giii  of  th(>  i'rill  hore  separate  ossicKvs,  called  hy  Marsh 
ej)Occipitals,  which  oivc  a  serrated  elVect  to  the  edge  and  iiuist  hâve 
added  to  its  cHiciency  as  an  organ  of  protection.  The  epoccij)itals 
were  not  présent,  however,  in  those  fornis  with  the  (>nihed(h'd  tVilh 

The  aggressive  arniament  consisted  of  horns,  generaUy  tliicc  in 
nunil)er,  one  hoiiie  on  tlie  nasal  bones,  the  others  ahove  the  eyes. 
Of  thèse  the  latter  \v(>re  the  hirger  in  the  hiter  types,  whih>  in  the 
earher  fornis,  the  nasal  was  the  dominant  horn.  TIh^  horn  eores 
borne  by  the  skull  were  undoubtedly  sheathed  with  horn  as  in  cattle, 
but  the  covering  niay  hâve  been  shed  periodically  îis  in  modem 
reptiles.  In  on(>  instance,  that  of  a  young  individnal  preserved  in 
the  Yale  nuis(>um,  a  laver  of  black,  powdery  sul)stance,  a  half  inch 
in  thickness,  doul)tless  the  carbonized  remains  of  the  actual  horn, 
surrounded  the  horn  core. 

The  mouth  armament  is  a  further  modification  of  that  of  the  iguan- 
odont  tlinosaurs,  the  pr(>hensile  portion  consisting  of  the  predentary 
bone  below  which  opposed  a  new  élément,  the  rostral,  a  boue  pecu- 
liar  to  thèse  forms.  Thèse  bones,  which  closely  resemble  those  of 
a  turtle,  were  rugose  and  doubtless  supported  a  heavy  cutting  beak, 
admirable  for  cropping  the  succulent  végétation  on  which  the  créa- 
ture fetl. 

The  teeth  were  confined  to  channels  in  the  posterior  part  of  the 
jaws.  Thèse  were  open  grooves  in  the  maxilUï-  and  ox  dentale,  the 
walls  of  which  bore  secondary  vertical  grooves.  The  teeth  arise  in 
alternating  séries  in  successive  vertical  rows,  only  one  séries  being 
in  fuU  use  at  one  time,  though  those  of  the  secondary  séries,  arising 
between  the  primary,  show  partial  wear,  while  in  the  posterior  ex- 
tremity  of  the  jaw,  teeth  of  the  primary  set  may  already  be  succeeded 
by  tertiary  teeth.  The  worn  faces  are  nearly  vertical  and  présent  a 
slightly  warped  surface,  the  whole  mechanism  reminding  one  of 
a  sliffhtlv  twisted  saw  with  alternating  higher  and  lower  teeth.  The 
teeth  of  the  Ceratopsia  are  double-rooted,  a  condition  otherwise 
unique  among  reptiles.  Tins  seems  to  hâve  been  brought  about  by 
the  mechanical  necessity  of  a  base  widened  transversely  to  meet 
a  latéral  strain  in  the  shearing  process  of  mastication  and  the  sul)se- 
quent  constriction  of  tins  base  into  an  outer  and  an  inner  pillar 
due  to  the  crowding  of  the  erowns  of  adjacent  teeth  set  at  a  lowa^r 
level. 

There  could  hâve  been  no  latéral  movement  in  mastication  but 
a  vertical  shearing,  possibly  combined  with  a  slight  orthal  motion. 
The  strong  muscular  cheeks  served  to  retain  the  food  which  was 
chopped  into  short  pièces.  There  is  also  évidence  for  the  présence 
of  capacious  cheek  pouches.  The  total  number  of  teeth  was  about 
500,  one  fourth  of  which  were  in  use  at  one  time. 
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The  Evolution.  —  While  prohably  derived  from  the  Iguano- 
dont  stem,  no  immédiate  ancestors  of  the  Ceratopsia  are  known,  for 
when  their  remains  first  appear  in  the  rocks  of  the  Judith  River 
formation  they  are  in  every  way  typical  of  the  race,  The  imme- 
diately  underlying  strata  are  marine  for  thousands  of  feet;  rocks 
which  contain  very  few  dinosaurian  remains. 

The  most  primitive  genus  is  Monoclonius  from  the  Judith  River 
beds  of  Montana  and  Alberta,  characterized  by  an  incomplète  frill 
having  large  latéral  openings  and  no  marginal  ossicles.  The  nasal 
horn  is  powerful,  either  straight  or  backwardly  curved,  while  those 
above  the  eyes  are  relatively  very  small  and  pyramidal  in  shape. 
Curiously  enough  there  are  in  front  of  the  eyes  indications  of  an- 
other  pair  of  horn-like  processes  so  that  the  presumably  one-horned 
Monoclonius  in  reality  had  five. 

There  was  another  Judith  River  genus,  Ceratops,  rather  im- 
perfectly  known  from  the  fragmentary  character  of  the  material 
which  makes  it  difficult  to  be  sure  of  the  proper  association  of  horns 
and  frill.  The  nasal  horn  is  relatively  not  so  large  and  evidently 
pointed  forward,  while  the  supra-orbitals  were  much  larger  than  in 
Monoclonius  though  still  smaller  than  the  nasal.  The  small  horns 
before  the  eyes  (antorbitals)  hâve  increased  in  size,  though  they 
never  become  of  conséquence  as  compared  with  the  others.  The 
frill  is  still  incomplète  and  with  an  undulating  margin,  but  with- 
out  marginal  ossicles  except  in  one  species  (C  recurvicornis)  which 
probably  represents  a  third  genus. 

In  Montana  some  two  thousand  feet  of  marine  shales  and  sand- 
stones,  the  Bearpaw  and  Fox  Hills,  separate  the  Judith  River  from 
the  Laramie  beds.  Thèse  deposits  represent  a  period  of  subsidence 
during  which  the  advancing  sea  drove  the  land  forms  to  the  West 
and  North  into  the  fastnesses  of  the  continent.  Of  thèse  créatures 
which  link  the  Judith  River  and  Laramie  faunas,  no  remains  hâve 
thus  far  been  found  so  that  we  hâve  no  record  of  the  évolution  which 
must  hâve  occurred  during  the  period  of  subsidence.  At  the  close 
of  the  Fox  Hills  epoch  conditions  much  like  those  of  the  Judith 
River  times  again  prevailed,  and  the  horned  dinosaurs,  among  other 
forms,  sought  their  ancestral  haunts.  Four  gênera  of  Laramie  Cera- 
topsia are  known  ranging  themselves  into  two  races  or  phyla  which 
iinderwent  a  parallel  évolution. 

Agathaumas,  the  earliest  known  I^aramie  genus,  comes  from 
southwestern  Wyoming.  Unfortunately  the  skull  is  unknown, 
but  the  more  distinctive  parts  of  the  skeleton  indicate  that  it  was 
a  form  transitional  between  IVIonoclonius  and  Triceratops.  The 
latter  first  appears  about  1500  feet  above  the  bottom  of  the  Laramie 
séries  in  Converse  County,  Wyoming,  and  ranges  to  the  top  of  the 
beds. 

Triceratops  is  characterized  by  an  entire  frill,  the  old  vacuities 
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having  been  completely  roofed  over  by  bouc.  The  margin  is  more 
or  less  free  and  the  marginal  ossicles  (epoccipitals)  are  well  developed. 
Of  the  horns,  the  supra-orbitals  are  by  far  the  hirger,  that  on  the  nasals 
growing  smaller  and  snialler  in  th«'  progress  of  evohition,  while  the 
antorbital  horns  hâve  entirely  (hsappeared.  Triceratops  is  nuich 
larger  than  its  ancestors  and,  while  there  is  considérable  variation 
of  size  amongst  the  individuals  of  a  species,  due  to  âge  or  sex,  it  is 
generally  triie  that  the  latest  examples  of  the  genus  arc  the  largest. 

The  more  important  species  in  order  of  their  appearance  in  time 
and  of  séquence  of  specialization  are  Triceratops  hrevicortius  with 
large  nasal  and  short  supra-orbital  horns,  Triceratops  prorsus  in  whicli 
the  latter  hâve  increased  in  size,  and  the  nasal  horn,  while  still  well 
developed,  points  directly  forward,  and  Triceratops  elatus  (=  cali- 
cornis)  in  which  the  horns  above  the  eyes  hâve  reached  the  extrême 
of  development  while  that  on  the  nose  is  so  small  as  to  be  relatively 
of  little  use.  T.  elatus  is  by  far  the  largest,  a  skull  in  the  Yale  Uni- 
versity  Muséum  measuring  eight  feet  in  total  length. 

Associated  with  the  later  forms  of  Triceratops  is  a  curious  type 
in  which  the  nasal  horn  lias  entirely  disappeared  although  the  nasal 
bones  are  still  highly  arched.  The  horns  above  the  eyes  are  well 
developed  and  nearly  erect  while  the  frill  flares  upward  at  a  high 
angle.  This  aberrant  genus,  Diceratops,  is  evidently  an  ofïshoot 
of  the  Triceratops  stem  with  an  ancestry  not  far  removed  from 
T.  brevicorini^. 

Another  race  of  Ceratopsia,  the  record  of  whose  évolution  is  in- 
complète, is  represented  by  Torosaurus,  found  associated  with  the 
later  représentatives  of  Triceratops.  The  degree  of  specialization 
represented  by  the  horns  is  exactly  that  of  Triceratops  elatus,  though 
there  is  a  great  différence  in  the  character  of  the  frill  which  in  Toro- 
saurus retained  the  primitive  openings  and  was  evidently  embedded 
in  the  fiesh,  as  it  bears  neither  blood  vessel  channelings  nor  epoc- 
cipital  bones.  In  Torosaurus  the  size  of  the  frill  is  relatively  im- 
mense which  makes  the  facial  région  seem  greatly  abbreviated. 
It  may  be  that  this  genus  represents  a  later  immigrant  from  the 
Northwest  into  the  Wyoming  région  where  its  remains  were  found 
which  would  account  for  the  lack  of  annectent  forms.  Torosaurus 
seems  to  hâve  been  derived  from  Ceratops  of  the  Judith  River  and 
is  totally  unrelated  to  its  contemporary  Triceratops  except  through  a 
remote  common  ancestry. 

Summary  of  Evolution.  —  The  course  of  évolution  may  be 
briefly  summarized  as  follows  :  Increase  in  size,  in  the  perfection  of 
the  teeth,  the  development  of  the  supra-orbital  horns,  the  retrogres- 
sion  of  that  on  the  nose,  and,  in  Triceratops,  the  completion  of  the 
frill  and  its  perfection  as  an  organ  of  défense  with  close  fitting  in- 
tegument,  free  border,  and  marginal  ossicles,  while  in  Torosaurus 
the  frill,  though  increasing  enormously  in  size,  is  incomplète  in  that 
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it  still  retains  the  ancestral  vaciiities.  The  bone  is  well  developed, 
however,  over  the  more  vital  parts  of  the  neck  as  the  région  of  the 
spine  and  of  the  great  arteries  and  veins. 

The  change  of  armament  imphes  a  change  of  tactics.  The  up- 
ward  thrust  of  the  nasal  horn  is  well  adapted  to  the  lighter,  more 
active  ancestral  forms,  while  the  great  development  of  the  supra- 
orbitals  which  accompanied  the  increase  in  bulk  implies  charging 
with  lowered  head  in  which  the  momentum  of  so  great  a  weight 
vvould  prove  irrésistible.  Evidences  of  combat  are  seen  in  broken 
and  healed  horn  cores  and,  in  several  instances,  of  perforated  frills. 

The  great  enemy  of  Triceratops  was  doubtless  the  huge  car- 
nivorous  dinosaur,  Tyrannosaurus,  the  remains  of  which  occur  in 
the  sarae  deposits.  The  horns  and  frill  of  the  former  are  precisely 
such  as  would  meet  to  the  best  advantage  the  attacks  of  the  Carnivore. 

The  extremely  low  mentality  of  Triceratops,  indicated  by  the 
remarkably  small  brain,  implies  the  use  of  défensive  tactics  of  the 
simplest  order,  wherein  skill  would  not  be  a  factor. 

Extinction.  —  The  beds  in  which  the  remains  of  Ceratopsia  are 
found  consist  of  strata  of  shales  and  sandstones,  the  latter  often 
cross  bedded,  interspersed  with  numerous  lignite  seams,  implying 
conditions  similar  to  those  of  the  Florida  Everglades  of  to-day,  "a 
great  swamp  with  numerous  small,  open  bodies  of  water  connected 
by  a  network  of  watercourses  constantly  changing  their  channels. 
The  intervening  spaces  were  but  slightly  elevated  above  the  water 
level  or  at  times  submerged.  This  entire  région,  where  the  waters 
were  not  too  deep,  was  covered  by  an  abundant  végétation,  and  in- 
habited  by  the  huge  dinosaurs  as  well  as  by  the  smaller  crocodiles 
and  turtles  and  the  diminutive  mammals"  (Hatcher). 

The  possible  causes  of  extinction  of  the  Ceratopsia  are  several  : 
The  first  of  thèse  is  that  the  herbivorous  types  were  destroyed  by 
the  carnivorous  dinosaurs.  "There  is  always,  however,  a  balance 
in  natiu'e,  an  offsetting  of  carnivora  or  parasitic  forms  against  their 
plant-feeding  contemporaries  and,  though  the  latter  may  hâve  been 
held  in  check  by  the  former,  it  is  extremely  improbable  that  strictly 
contemporaneous  forms  which  hâve  evolved  in  the  same  environ- 
ment  could  ever  exterminate  one  another.  It  seems  that  animais  of 
another  race,  or  hordes  of  créatures  which  emigrated  from  another 
région,  would  be  more  likely  to  exterminate  their  predecessors.  The 
mammals  fulfill  the  requirements  of  a  new  foe,  and  the  development 
of  the  frill  in  the  Ceratopsia  has  been  considered  as  meeting  the 
jiecessity  for  a  better  protection  of  the  neck  blood  vessels  from  the 
weasel-like  attack  of  small  but  bloodthirsty  quadrupeds.  Another 
notion  .  .  .  was  that  the  mammals  sought  out  the  eggs  of  the  di- 
nosaurs and  destroyed  them  "  (Lull.).  It  is  quite  probable,  how- 
ever that  the  mammals  of  that  time  were  entirely  arboreal  and  did 
not  com(>  into  compétition  with  the  great  terrestrial  dinosaurs. 
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By  far  the  most  reasonable  cause,  however,  seems  to  be  the  chang- 
ing  of  climatic  conditions  and  a  contracting  and  draining  of  the 
swamps  and  river  deltas  caused  by  the  great  mountain-forming 
movements  which  occurred  at  the  close  of  the  Cretaceous.  The 
highiy  specialized  dinosaurs  being  unable  to  adapt  themselves  to 
the  profoundly  changed  environment  necessarily  perished. 


THE   SANTA  CRUZ  TYPOTHERIA 

(Abstract) 

WILLIAM   J.    SINCLAIR 

This  paper  présents  briefly  the  revised  classification  of  the  sub- 
order  Typotheria,  based  on  the  collections  at  Princeton  University 
and  the  American  Muséum  of  Natural  History.  The  characteristics 
of  the  two  families  represented  in  the  Santa  Cruz  beds  are  pointed  out, 
and  an  effort  made  to  show  that  the  relationship  commonly  assumed 
between  the  Typotheria  and  the  Hyracoidea  on  the  one  hand  and 
the  Typotheria  and  the  Rodentia  on  the  other  is  based  entirely  on 
superficial  resemblances. 


ON  THE    CORRELATION   OF  NORTH  AMERICAN  AND 
EUROPEAN    GENERA   OF    FOSSIL    CETACEANS 

(Abstract) 

FREDERICK  W.  TRUE 

NuMEROUS  species  of  fossil  cetaceans  from  varions  localitics  in 
North  America  hâve  been  described  during  the  last  three-quarters 
of  a  century,  but  no  aittempt  lias  been  made  hitherto  to  correlate  the 
North  American  fauna  as  a  whole  with  the  European  fauna,  which 
is  extensive  and  better  known. 

Cetacean  remains  are  abundant  in  the  Tertiary  formations  of 
North  America,  but  hâve  not  been  systematically  sought  for.  Xo 
deposits  of  complète  or  nearly  complète  skeletons  hâve  been  found, 
and  the  species  are  based  chiefiy  on  isolated  vertebrœ,  teeth  and 
fragments  of  skulls.  The  majority  of  the  American  species  were 
described  by  Cope  and  Leidy,  beginning  in  1851,  but  Zeuglodon  and 
some  of  its  allies  (which,  by  many  zoôlogists,  are  regarded  as  ceta- 
ceans) were  described  much  earlier  by  Harlan,  Tuomey,  and  Gibbes. 

The  existing  cetacean  faunas  of  the  eastern  and  western  North 
Atlantic  are  homogeneous  as  regards  gênera  and  practically  so  as 
regards  species.  The  Pleistocene  faunas  are  also  homogeneous 
generically,  so  far  as  known,  but  the  species  are  rather  more  divergent. 

In  the  Tertiary  faunas  we  fîrst  meet  with  a  wide  divergence,  nearly 
ail  the  American  species  and  a  large  proportion  of  the  American 
gênera  being  différent  from  the  European  ones.  The  lack  of  homo- 
geneity,  however,  as  will  be  shown  later,  is  less  than  would  appear 
from  the  examination  of  such  lists  of  the  American  orenera  and 
species  as  that  published  by  Cope  in  1890. 

The  présent  conclusions  are  chiefiy  the  resuit  of  a  preliminary 
survey  of  the  literature  relating  to  the  North  American  forms,  though 
the  writer  lias  also  examined  ail  the  type-specimens  that  are  accessible. 

Leaving  ont  of  considération  Zeuglodon  and  its  allies,  as  not  be- 
ing true  cetaceans,  the  North  American  forms  hâve  been  assigned  to 
five  familles,  —  Balsenidse,  Squalodontidse,  Platanistidœ,  Delphinidœ, 
and  Physeteridse.  On  account  of  the  researches  of  Dr.  O.  Abel, 
however,  the  gênera  will  hâve  to  be  redistributed  in  part,  some  of 
them  being  assigned  to  his  familles  Eurhinodelphidse  and  Acrodel- 
phidfe  (or,  more  properly,  Iniidœ). 

The  Tertiary  gênera  which  hâve  been  considered  by  Cope,  Leidy, 
Abel,  and  other  cetologists  as  common  to  North  America  and  Europe 
are    Squalodon,  Tursiops,  Scaldicetus,   Chonoziphius,  Balœna,    Ba- 
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lœnoptera,  Cetotherium,  Mesocetus,  and  Heterocetus.  Gênera 
which  hâve  been  considered  peculiar  to  North  America  (or  to  North 
and  South  America  together)  are  x\gorophius,  Phocageneus,  Ixacan- 
thus,  Delphinodon,  Zarhachis,  llhabdosteus,  Agabekis,  Lophocetus, 
Paracetus,  Orycterocetus,  Graphiodon,  Belemnoziphius,  Prorozi- 
phius,  Pelycorhamphus,  Anaplonassa,  Cetophis,  Cephalotropis,  ]Meto- 
pocetus,  Mesoteras,  Rhegnopsis,  Siphonocetus,  TretuHas,  and  Ulias. 

Of  the  toothed-whale  gênera,  Agorophius  is  certainly  distinct, 
ahhough  alhed  to  the  European  Sqiialodoii  ehrlichii.  Phocageneus 
somewhat  resembles  South  American  Proscjualodon,  but  is  imperfectly 
known.  Ixacanthus  (or  at  least  one  species  of  it)  has  been  referred 
by  Abel  to  the  European  genus  Eurhinodelphis,  with  a  mark  of  inter- 
rogation. Delphinodon  is  pecuhar  to  North  America,  but  has  been 
transferred  by  Dr.  Abel  from  the  Squalodontida^  to  the  Acrodelphidaî 
(  =  Iniidœ).  Zarhachis,  llhabdosteus,  and  Lophocetus  are  distinctively 
North  American.  Agabelus  is  imperfectly  known  and  may  be  identical 
with  Eurhinodelphis.  Lophocetus  has  been  regarded  by  some  cetolo- 
gists  as  belonging  to  the  Delphinidîie,  and  by  others  as  allied  to  Inia. 
The  former  view  is  pi-obal)ly  correct.  Paracetus,  one  of  the  Phy- 
seteridœ,  is  peculiar  to  North  and  South  America.  Orycterocetus  is 
regarded  by  Dr.  Abel  as  having  "a  close  analogy"  with  the  European 
genus  Thalassocetus,  also  one  of  the  Physeteridie.  It  is  not  improb- 
able that  the  teeth  on  which  thèse  gênera  are  founded  represent  the 
cores  of  larger  teeth  from  which  the  enamel  and  cément  layers  hâve 
been  broken  away,  or  tliey  may  represent  gênera  of  the  Ziphiidœ. 
Graphiodon  is  peculiar  to  North  America.  Though  gênera Uy  con- 
sidered as  allied  to,  or  identical  with,  Squalodon,  it  is  probaljly  one 
of  the  Physeteridte,  near  Scaldicetus.  Belemnoziphius,  Prorozi- 
phius,  Pelycorhamphus,  and  Anaplonassa  are  Ziphioid  gênera  peculiar 
to  North  America,  although  the  last-mentioned,  at  least,  has  Euro- 
pean allies.  Cetophis  is  a  peculiar  North  American  genus  of  uncer- 
tain  afhnities. 

The  whalebone  whales  represented  by  the  gênera  Cephalotropis 
and  Metopocetus  reseml)le  the  European  gênera  Mesocetus  and 
Heterocetus,  but  cannot  at  présent  be  identified  with  the  latter. 
^lesoteras  is  a  large  form  like  Balîenoptera,  but  not  clearly  identifi- 
able with  any  European  genus.  The  gênera  Rhegnopsis,  Siphono- 
cetus, Tretulias,  and  Ulias,  which  are  based  on  the  form  of  the 
mandible,  must  be  provisionally  considered  as  peculiar  to  North 
America.  There  are  at  présent  two  groups  of  gênera  of  iVmerican 
whalebone  whales,  one  based  on  characters  of  the  cranium  and  the 
other  (as  already  mentioned)  on  characters  of  the  mandible.  It  is 
probable,  of  course,  that  some  of  thèse  gênera  will  later  be  found 
to  be  identical. 

Returning  to  the  Odontoceti,  it  is  to  be  remarked  that  whlle  the 
extension  of  the  American  genus  Priscodelphinus  to  European  species 
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l)_v  Du  P)us  M  iiiiiiil)cr  oï  yr:\rs  ago  was  iiot  warraiilcd  at  that  tinic, 
it  is  prohahlc  tliat  soiiic  ot'  (lie  Atiici-icaii  spccics  arc  rct'ci'ahli'  to  tlic 
jMirojx^an  gênera  l'-iirliinodelpliis,  Acr()(lel|)lii.s,  aiul  Schizodelpliis. 
The  writer  lias  hiinselt"  eollected  a  sknll  oï  l'<ui-liin()delj)lii.s  froiii  the 
Miocène  of  Alai'vlaiid,  and  soinc^  vertel)ra'  Ix-longini:;  to  Aerodelpliis, 
;Mid  lias  aseeilained  tliat  ilie  Priscodcl j)/i/ii us  (V)  (■/•(issdiK/ii/inii  of 
Case  is  reallv  a  S('lii/,0(lelj)liis.  Tlie  l'aniilies  j'an'liinodelpliiche  and 
A('ro(lel})liida>  (  Iiiii(he)  are  duM-ehv  definilely  added  lo  (lie  Xortli 
American  t'ossil  cctaccaii  faiiiia.  Tlie  Soutli  American  u;(Mius  Argyro- 
cetus  is  pr()l)al)ly  also  to  he  iiicliide<i. 


A  MEANS  OF  ESTIMATING  THE  AGE  OF  THE  MAS- 
TODON  AND  OTHER  PROBOSCIDEA 

(Abstract) 

HENRY   FAIRFIELD    OSBORN 

The  skeletoiî  known  as  the  Warren  Mastodon,  discovered  in 
Newburgh,  N.  Y.,  in  1845,  and  monographed  by  John  Collins 
Warren,  has  been  remounted  recently  in  the  American  INIuseum  of 
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Natural  Historv.  In  repairing  the  tusks,  the  outer  sheathing  of  the 
dentine  was  found  in  Uirge  part  absent.  The  inner  sheathing  exposed 
a  séries  of  concentric  constrictions  and  expansions  which  were  observed 
to  be  approximately  symmetrical  on  the  two  sides,  as  indicated  by 
the  séries  of  +  signs  in  Fig.  3,  A  and  B.  Secondly,  it  was  noted  that 
the  intervais  between  thèse  constrictions  are  broader  in  the  middle 
and  fore  part  of  the  tusks  (corresponding  with  the  youthful  stage  of 
growth  of  the  tusk)  and  become  narrovver  toward  the  base  of  the 
tusk  (corresponding  with  the  mature  or  adult  stages  of  growth). 
Eighteen  of  thèse  rings  are  preserved  on  one  side  and  thirteen  on  the 
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other.  They  are  faintly  indicated  also  in  the  waving  surface  of  the 
dentine  of  the  tusk  (Fig.  3). 

On  the  hypothesis  that  thèse  are  actual  annular  incréments  of 
growth,  the  right  tusk  (Fig.  3,  .1)  consisted  of  about  twenty-eight 
segments,  which  allowing  for  the  milk  dentition  and  for  the  part 
worn  off  at  the  tip  would  assign  to  the  Warren  Mastodon  an  âge 
of  perhaps   thirty  years. 

Similar  annuîar  constrictions  are  ohserved  in  the  tusks  of  the  mam- 
moth  from  Alaska  ;  and  are  also  indicated  in  the  tusks  of  the  African 
éléphant.  Since  the  âge  of  the  Indian  éléphant  and  the  rate  of  tusk 
growth  is  definitely  known,  the  identification  of  similar  concentric 
annular  growths  would  be  the  means  of  testing  the  value  of  this 
hypothesis. 

Fig.  1.     Skeleton  of  Warren  Mastodon  as  recently  mounted  in  the  American 

Muséum  of  Natural  History. 
Fig.  2.     Anterior  view  of  skull  of  Warren  Mastodon  showing  the  true  position 

of  the  tusks  in  the  mastodon. 
Fig.  3.     Inferior  and  external  views  of  the  right  and  left  tusks,  showing  the  sup- 

posed  annual  growth  segments. 

A,  right  tusk  viewed  from  the  outside  and  somewhat  from  below. 

B,  left  tusk,  direct  external  or  outside  view. 
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SYSTEMATIC   ZOOLOGY:   ITS   PROGRESS 
AND   PURPOSE 

(Address) 
THEODORE   GILL 

It  is  most  fitting  that  in  this  year,  when  the  scientific  world  is 
commemorating  the  natal  centenaries  of  two  naturalists  who  hâve 
been  regarded  as  the  chief  systematists  of  their  times,  considération 
should  be  given  to  the  subject  and  object  of  their  old  pursuits.  Cari 
Linné,  whose  bicentenary  has  been  celebrated,  was  the  man  who 
first  provided  an  elaborate  code  of  laws  for  the  nomenclature  of  ail 
the  kingdoms  of  nature  and  set  an  example  to  others  by  provision 
of  concise  and  apt  diagnoses  of  the  groups  and  species  he  recognized. 
Louis  Agassiz,  who  was  born  during  the  centenary  year  of  Linné, 
gave  a  grand  impulse  to  the  study  of  nature  in  his  adopted  country, 
raised  it  in  popular  esteem,  taught  new  methods  of  work,  and  directed 
to  new  lines  of  investigation. 

Of  ail  the  students  of  nature  from  the  time  of  Aristotle  to  the 
century  of  Linné,  none  requires  présent  notice  as  a  systematic  zo- 
ologist  except  John  Ray,  who  was  the  true  scientific  father  of  the 
Swede.  Born  in  1627,  he  flourished  in  England  during  the  last  quarter 
of  the  seventeenth  century,  and  died  only  two  years  before  the  birth 
of  Linné. 

John  Ray 

It  was  long  ago  truly  affirmed  by  Edwin  Lankester  that  "Ray 
has  been  pronounced  by  Cuvier  to  be  the  fîrst  true  systematist  of  the 
animal  kingdom,  and  the  principal  guide  of  Linné  in  the  department 
of  nature."  ^  He,  indeed,  made  a  pathway  in  the  zoological  field 
which  Linné  was  glad  to  follow,  and  to  some  extent  he  anticipated 
the  brightest  thoughts  of  the  great  Swede.  He,  for  example,  in  a 
dichotomous  systematic  table  of  the  animal  kingdom,^  first  combined 

*  Lankester,  Edwin,  The  Correspondence  of  John  Ray,  p.  485,  1848. 

*  Ray,  John,  Synopsis  Methodica  Animalium  Quadrupedum  et  Serpentini 
Generis,  p.  53,  1693. 
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thc  lunged  fish-like  aqiiatic  and  hairy  quadriiped  viviparous  animais 
in  a  spécial  categorv  (Vivipara)  in  contrast  with  ail  the  otiier  verte- 
brates,  leaving  to  Linné  only  the  privilège  of  giving  a  nanie  to  the 
class.  lie  recognized  a  group  of  lung-hearing  animais  distinguished 
by  a  heart  with  a  single  ventricle,  inclnding  fpuuh'npeds  and  serpents, 
and  thns  appreciated  better  than  Linné  the  class  which  the  latter 
named  Ampliibia.  Ile  likewise  gave  the  anatomical  characters, 
based  on  the  heart,  blood  and  lungs,  which  Linné  used  for  his 
classes. 

The  Beginninos  of  Systematic  Zoology 

Systematic  zoology  is  a  vast  subject,  and  any  address  devoted  to 
it  must  necessarily  be  very  partial.  It  need  only  be  partial  for  snch 
an  assemblage  of  masters  in  zoology  as  I  hâve  the  great  honor  to 
address,  and  I  shall  confine  the  présent  discourse  to  a  review  of  some 
of  the  cléments  which  hâve  made  systematic  zoology  what  it  now 
is.  I  will  venture,  too,  to  submit  reasons  why  we  may  hâve  to  take 
a  somewhat  différent  view  of  the  achievements  of  some  men  than  did 
our  early  predecessors.  If  in  doing  so  I  may  appear  to  be  dogmatic, 
I  entreat  you  in  advance  to  insert  ail  the  "ifs"  and  "I  thinks"  and 
"perhaps"  that  you  may  deem  to  be  necessary.  For  the  présent  pur- 
pose,  the  work  of  two  who  exercised,  each  for  a  considérable  time, 
a  paramount  influence  on  opinion  and  procédure,  deserves  notice, 
especially  because  there  lias  been  much  misapprehension  respecting 
their  benefits  to  natural  science.  The  two  were  Cari  Linné  and 
George  Cuvier;  the  one  exercised  dictatorship  from  the  middle  of 
the  eighteenth  century  till  some  time  after  its  close;  the  other  was 
almost  equally  dominant  from  the  first  quarter  of  the  last  century  to 
well  into  the  third  quarter.  No  other  men  approached  either  of  thèse 
two  in  influence  on  the  work  of  contemporaries  or  successors.  The 
evil  features,  as  well  as  the  good,  were  transmitted  to  and  adopted  by 
later  authors.  Therefore,  a  notice  of  those  features  may  help  us  to  a 
correct  judgment  of  the  history  of  our  subject,  and  may  help  to  show 
why  the  disciples  of  the  great  Swede,  as  well  as  the  great  Frenchman, 
complicated  many  problems  they  investigated.  Suflicient  time  has 
elapsed  to  enable  us  to  judge  knowingly  and  impartially. 

Carl  Linné 

Linné  needs  no  présent  eulogy,  for  this  year  his  praises  hâve  re- 
sounded  over  the  whole  world.  Born  just  two  centuries  ago  (1707), 
he  published  the  first  édition  of  the  Systema  Naturœ  in  1735,  and  his 
last  (tw^lfth)  in  176G.  The  varions  éditions  mark  to  some  extent 
the  steps  of  man's  progress  in  the  knowledge  of  nature  during  the 
time  limited  by  the  respective  dates. 
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Linné's  industry  was  great,  his  sympathies  wide-spread,  and  his 
method  in  large  part  good.  Compare  the  Systema  Naturœ  and  other 
publications  of  Linné  with  works  published  by  earlier  authors,  and 
the  reason  for  the  active  appréciation  and  esteem  which  greeted  his 
work  will  be  obvions.  The  typographical  dress  and  the  clearness  of 
expression  left  no  doubt  as  to  what  the  author  meant,  and  enabled  the 
student  to  readily  grasp  his  intentions.  His  boldness  in  giving  ex- 
pression to  new  ideas  insured  success  when  they  deserved  it.  Al- 
though  Ray  had  already  recognized  four  of  the  great  groups  or  classes 
of  vertebrates,  he  had  not  named  two  of  them,  and  there  were  vernac- 
ular  terms  only  for  the  birds  and  fîshes.  Linné,  for  the  first  time, 
applied  names  to  the  other  groups,  and  admirable  ones  they  were. 
Mammalia  and  Amphibia  were  the  coinage  of  Linné  and  are  still 
retained;  Mammalia  or  mammals  by  ail;  Amphibia  or  amphibians 
by  the  majority  for  one  of  the  classes  now  adopted. 

A  great  advance,  too  —  an  inspiration  of  genius,  indeed  —  was 
the  ségrégation  of  the  animais  combined  under  the  class  of  mammals. 
Popular  préjudice  was  long  universal  and  is  still  largely  against  the 
idea  involved.  Sacred  writ  and  classical  poetry  were  against  it.  It 
seemed  quite  unnatural  to  separate  aquatic  whales  from  the  fishes 
which  they  resembled  so  much  in  form  and  associate  them  with 
terrestrial  hairy  quadrupeds.  How  difficult  it  was  to  accustom  one's 
self  to  the  idea  is  hard  for  naturalists  of  the  présent  day  to  appreciate. 
Linné  himself  was  not  reconciled  to  the  idea  till  1758,  although  Ray 
had  more  than  hinted  at  it  over  threescore  years  before.  At  last, 
however,  in  no  uncertain  terms,  he  promulgated  it.  It  was  a  triumph 
of  science  over  popular  impressions;  of  anatomical  considération 
over  superficial  views. 

But  mingled  with  the  great  benefactions  were  many  views  which 
long  influenced  naturahsts,  but  which  modem  zoology  has  over- 
thrown. 

LiNN^AN  Classes 

After  the  tentative  arrangements  published  in  the  original  first, 
second  and  sixth  éditions  of  the  Systema,  Linné  thoroughly  revised 
his  work,  and  first  consistently  applied  the  binomial  method  of  nomen- 
clature to  ail  species  in  the  tenth  édition,  published  in  1758.  Six 
classes  were  admitted  with  equal  rank,  no  category  being  recognized 
between  the  class  and  kingdom.  The  classes  were  the  Mammalia 
or  mammals,  Aves  or  birds,  Amphibia,  Pisces,  Insecta  and  Vermes. 
The  first  four  of  thèse  classes  mainly  correspond  with  the  Aves  and 
nameless  groups  of  Ray. 

During  the  Linnœan  period  of  activity  the  invertebrates  were  little 
understood,  and  his  treatment  of  that  enormous  host,  referred  to  his 
two  classes   Insecta  and  Vermes,  contrasts  rather  than   compares 
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with  that  at  the  présent  time.  Naturally,  the  vertcbrates  werc  much 
better  comprehended,  and  ail  such  then  known,  with  a  single  excep- 
tion, were  distributed  among  four  classes  just  named,  the  Mammalia, 
Aves,  Amphibia,  and  Pisces.  The  solitary  exception  of  exclusion  of  a 
true  vertebrate  from  its  fellows  was  the  référence  of  the  genus  Myxine 
to  the  Vernies,  next  to  Teredo,  the  ship-worm.  The  first  two  classes 
were  adopted  with  the  same  limits  they  now  hâve,  but  the  Amphibia 
and  Pisces  were  constituted  in  a  truly  remarkable  manner.  The 
class  of  Ainphibia  was  a  création  of  Linné,  and  was  simply  contrasted 
with  his  Pisces  by  having  a  lung  of  some  kind  or  other  {"'pulmo)ie 
arbiirario"),  while  the  Pisces  hâve  exposed  branchiœ  ("branchiis 
eodernis").  The  Amphibia,  thus  defined,  were  made  to  include  as 
orders:  (1)  Reptiles  or  Reptilia,  having  feet;  (2)  Serpentes,  footless, 
and  (3)  Nantes,  having  fins. 

Under  the  Nantes  were  first  grouped  the  lampreys,  the  selachians, 
the  anglers  (Lophius),  and  the  sturgeons  (Acipenser).  In  the  twelfth 
édition  were  added  Cyclopterus,  Balistes,  Ostracion,  Tetraodon, 
Diodon,  Centriscus,  Syngnathus  and  Pegasus.  The  Nantes  were 
added  to  the  Amphibia  partly  because  of  the  assumption  that  the 
branchial  pouches  of  the  lampreys  and  the  selachians  were  lungs  and 
partly  on  the  authority  of  Dr,  Alexander  Garden,  of  Charleston,  S.  C, 
who  mistook  the  peculiar  transversely  expanded  and  partly  double 
air-bladder  of  Diodon  for  a  lung.  With  such  errors  of  observation  as 
a  basis,  Linné  apparently  assumed  that  ail  the  associated  gênera  also 
had  lungs.  Gmelin,  in  his  édition  of  the  Systema  Naturœ  (generally 
called  the  thirteenth),  corrected  this  error,  and  returned  ail  the  Nantes 
to  the  class  of  Pisces,  thus  reverting  to  the  older  view  of  Linné  himself, 
The  Pisces  of  Linné  included  only  the  gênera  left  after  the  exclusion 
of  those  just  named  and  also  of  Myxine,  which  last  was  referred  to 
the  class  of  Vermes  between  the  leeches  (Hirudo)  and  the  ship-worms 
(Teredo). 

LiNNiEAN  Gênera 

The  gênera  of  Linné  were  intended  and  thought  by  him  to  be 
natural,^  and  natural  groups  some  of  the  so-called  gênera  were,  but 
présent  opinion  assigns  to  most  of  them  a  very  dift'erent  valuation 
from  that  given  in  the  Systema  Naturœ.  Some  of  the  gênera  of  in- 
vertebrates  were  extremely  comprehensive.  For  example,  Asterias 
included  ail  the  members  of  the  modem  classes  of  Stelleroidea  or 
Asteroidea  and  Ophiuroidea  ;  Echinus  was  coequal  with  the  Echinoi- 
dea  ;  Cancer,  Scorpio,  Aranea,  Scolo pendra  and  Juins  were  essentially 
coextensive  with  orders  or  even  higher  groups  of  the  zoologists  of  the  • 
présent  time.     Others  were  so  heterogeneous  that  they  cannot  be 

'  Classis  et  ordo  est  sapientise,  genus  et  species  Naturse  opus.  —  Linn.,  Syst. 
Nat.,  1,  13. 
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compared  with  modem  groups.  Thus  Holothuria,  in  the  last  édition 
of  the  Sysicma,  was  made  to  include  four  holothurians  in  the  modem 
sensé,  —  a  worm,  a  physahid,  and  three  tunicates  ;  in  other  terms,  the 
so-called  genus  inckided  représentatives  of  four  différent  classes  and 
even  branches  of  the  animal  kingdom. 

It  has  been  stated  by  various  writers  that  the  gênera  of  Linné  were 
essentially  coequal  with  the  families  of  modem  authors,  but,  as  has 
been  indicated,  such  is  by  no  means  the  case.  Other  striking  ex- 
ceptions to  the  generalization  may  be  shown. 

Not  a  few  of  the  gênera  of  vertebrates,  although  not  of  the  super- 
lative rank  as  several  of  the  invertebrates,  were  équivalent  to  orders 
of  modem  zoology;  such  were,  in  the  main,  Simia,  Testudo,  Vesper- 
tilio  and  Rana.  Simia  inckided  ail  the  anthropoid  Primates  except 
man;  Vespertilio  was  équivalent  to  the  order  Chiroptera  less  the 
genus  Noctilio  ;  Testudo  was  exactly  equal  to  the  order  Testudinata 
or  Chelonia;  Rana  to  the  order  Salientia  or  Anura.  A  number  of 
other  gênera  of  one  or  few  species  known  to  Linné  were  also  of  ordinal 
or  subordinal  value. 

In  striking  contrast  with  the  range  of  variation  of  such  gênera  were 
others,  of  which  several,  well  represented  in  northem  waters,  may  be 
taken  as  examples.  Scorpœna  was  distinguished  simply  because  it 
had  skinny  tags  on  the  head;^  Labrus  because  it  had  free  mem- 
branous  extensions  behind  the  dorsal  spines;^  and  Cobitis  because 
it  had  the  caudal  peduncle  of  regular  height  ^  and  scarcely  constricted 
as  usual  in  fishes.  Thèse  characters  are  of  such  slight  systematic 
importance  that  they  hâve  not  been  used  in  the  diagnoses  of  the  gênera 
by  modem  ichthyologists.  Further,  use  of  them  misled  even  Linné 
as  well  as  his  successors.    Some  of  the  conséquences  may  be  noticed. 

The  close  affinity  of  the  "Norway  haddock"  or  Swedish  Kungsfisk 
or  Rodfisk  {Sebastes  marinus)  to  the  typical  Scorpœna  was  unper- 
ceived  and  that  species  referred  to  Perça  and  even  confounded  with 
a  Serranus. 

The  typical  Labri  of  the  northem  seas  do,  indeed,  hâve  filiform 
processes  of  the  fin  membrane  behind  the  dorsal  spines,  but  most  of 
the  species  referred  by  Linné  to  Labrus  do  not,  and  among  them  is  a 
common  sunfish  (auritus  =  lepomis  auritus)  of  America. 

The  genus  Cobitis  was  made  to  include  Cyprinodonts  of  the  gênera 
Anableps  and  Fundulus,  and  thus  were  associated  fishes  differenti- 
ated  from  the  Loaches  by  characters  of  immeasurably  more  impor- 
tance than  the  trivial  one  which  was  the  cause  of  their  juxtaposition. 

Another  conspicuous  instance  of  a  trivial  character  used  as  generic 
and  contrasting  with  very  important  differentials  of  species  included 
under  the  same  genus,  is  furnished  by  Esox.    The  essential  Linnsean 

'  Scorpaena.     Caput  cirris  adspersum. 

*  Labrus.     Pinna  dorsalis  ramento  post  spinas  notata. 

*  Cobitis.     Corpus  vix  ad  caudam  angustatum. 
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diagnostic  character  is  the  protrusion  of  the  lower  jaw.'  Nine  species 
were  referred  to  the  genus  which  represent  no  less  than  eight  dis- 
tinct and,  mostly,  widely  se.parated  families  of  modem  systematists.^ 
Several  of  the  species  do  not  hâve  the  prominent  lower  jaw,  and  one 
of  them  {Lepisosteus  osseus  of  modem  ichthyology)  is  especially 
distinguished  by  Linné  himself  on  account  of  the  shorter  lower  jaw.^ 

But  the  raost  marked  cases  of  insignificance  of  characters  used  to 
differentiate  by  the  side  of  those  serving  for  combination  are  found 
in  the  class  Amphibia. 

The  genus  Lacerta  is  made  to  include  ail  but  one  of  the  pedate 
lizards  and  the  crocodilians  as  well  as  the  salamanders,  but  the 
"dragons,"  or  agamoid  hzards  with  expansible  ribs,  are  set  apart  in 
an  independent  genus.* 

The  genus  Coluber  was  intended  to  embrace  ail  the  snakes  ex- 
cept  those  with  a  rattle  or  undivided  abdominal  and  caudal  sentes,'' 
and  hence  the  vipers  and  copperheads,  so  very  closely  related  to  the 
rattlesnakes,  were  combined  with  ordinary  snakes  instead  of  with 
their  true  relations.^ 

]\Iany  of  the  gênera  of  Linné,  in  fact,  were  very  incongruous,  and 
the  great  Swede  not  infrequently  failed  to  interpret  and  apply  their 
characters  in  the  allocation  of  species.  A  few  cases  furnished  by 
common  European  or  American  fishes  will  illustrate  what  is  meant. 

Spécimens  of  the  common  gunnel  or  butterfish  were  received  by 
Linné  at  différent  times  and  once  referred  to  his  genus  Ophidion  and 
at  another  time  to  the  genus  Blennius,  and  the  same  species  stands 
under  both  names  in  the  last  two  éditions  of  his  Systema. 

The  common  toadfish  of  the  Americans  {Opsanus  tau)  was  placed 
in  the  genus  Gadus  (tau)  and  a  nearly  related  species  of  the  Indian 
Océan  was  referred  to  the  genus  Cottus  (grunniens). 

The  common  ten-pounder  of  the  American  coast  served  as  the 
type  and  only  species  of  the  genus  Elops,  and  also  as  a  second  species 
of  the  genus  Argentina,  although  the  characters  given  were  in  de- 
cided  discord  with  those  used  for  the  latter  genus,  and  in  perfect 
harmony  with  those  employed  for  the  distinction  of  the  former  genus. 
Indeed,  it  might  be  properly  assumed  that  the  ascription  of  the 
Argentina  carolina  to  Argentina  was  simply  a  matter  of  misplace- 

*  Esox.    Mandibula  inferior  longior,  punctata.    S.N.,'58;   '66,424. 

2  The  species  are  (1)  sphyrœna  (Sphyrsenidse),  (2)  osseus  (LepisosteidEs),  (3) 
vulpes  (Albulidœ),  (4)  synodus  (Synodontidse),  (5)  hœius  (Luciidœ),  (6)  belone 
(EsopidiB),  (7)  hepsetus  and  (8)' fcra.sfZiensis  (Exocœtidse),  and  (9)  gymnocephalus 
(Chirocentridœ).     S.  N.,  '66,  513-517. 

^  Mandibula  inferior  brevior.    »S.  A^.,  '66,  516. 

*  Lacerta.  "Corpus  (Testa  Alisve)  nudum,  caudatum"  contrasting  with 
Draco.     "Corpus  Alis  volatile."     S.  N.,  '66,  349. 

^  Coluber.  "Scuta  abdominalia;  squamse  caudales"  contrasting  with  "Cro- 
talus.  Scuta  abdominalia  caudaliaque  cum  crepitaculo"  and  "Boa.  Scuta  ab- 
dominalia caudaliaque  absque  crepitaculo."    »S.  A^,  '66,  349. 

*  As  an  example  of  Coluber  a  figure  (tab.  3,  fig.  2)  of  a  snake  with  venom  fangs 
is  given. 


792         Vn.    INTERNATIONAL  ZOÔLOGICAL  CONGRESS 

ment  of  a  manuscript  leaf,  and  such  it  may  be  even  now  considered, 
although  the  error  is  continued  in  the  twelfth  édition,  having  escaped 
the  notice  of  Linné. 


LiNN^AN  Nomenclature 

The  code  of  nomenclature  devised  by  Linné  was  in  many  respects 
admirable,  but  he  did  not  provide  sufficiently  for  the  principle  of 
priority  in  nomenclature.  He  set  the  example  of  changing  a  name 
given  by  himself  or  by  others,  when  he  thought  a  better  one  could 
be  substituted  ;  he  also  felt  at  liberty  to  change  the  intent  of  a  genus. 
A  few  examples  of  many  cases  may  illustrate. 

In  1756  the  name  Salacia  was  given  to  the  Portuguese  man-of- 
war;  in  1758  the  name  Holothuria  was  substituted;  in  1766  the  latter 
name  was  retained,  but  with  a  very  différent  diagnosis,  and  for  the 
first  time  three  holothurians  in  the  modem  sensé  of  the  word  were 
introduced. 

In  1756  the  names  Cenchris  and  Crotalophorus  were  used  for 
gênera,  two  years  la  ter  renamed  Boa  and  Crotalus.  In  1756  Artedi's 
name,  Catodon,  was  retained  for  the  sperm  whale,  and  Artedi's 
Physeter  mainly  for  the  killers  (Orca);  but  in  1758  Physeter  was 
taken  up  for  the  sperm  whale,  for  which  it  has  been  retained  ever 
since,  except  by  a  very  few  naturalists. 

In  1756  and  1758  Ophidion  was  used  for  an  acanthopterygian 
jugular  fish  —  the  common  northern  butterfish,  or  gunnel,  now 
generally  called  Pholis  —  but  in  1766,  under  the  guise  of  Ophidium, 
it  was  transferred  to  the  Apodes  and  primarily  used  for  the  mala- 
copterygian  (supposedly)  apodal  type  which  is  still  known  as  the 
genus  Ophidium. 

In  1756  and  1758  Trichechus  was  used  for  the  manatee  alone, 
while  the  walrus  was  correctly  associated  with  the  seals,  but  in  1766 
the  very  rétrograde  step  was  taken  of  associating  the  walrus  with  the 
manatee  and  retaining  for  the  two  the  name  Trichechus.  Many 
naturalists  persist  to  the  présent  day  in  keeping  the  name  for  the 
walrus  alone. 

The  example  thus  set  by  the  master  was  naturally  followed  by  his 
disciples.  Many  felt  at  liberty  to  change  names  and  range  of  gênera 
as  thev  thought  best  and  great  confusion  resulted,  which  has  continued 
more  or  less  down  to  this  year  of  grâce,  1907. 

Many  of  the  evils  which  hâve  been  the  conséquence  could  hâve 
been  prevented  or  rectified  if  the  British  Association  for  the  Advance- 
ment  of  Science  had  been  logical  in  the  code  (often  admirable)  which 
it  published  in  1842.  Instead,  however,  of  accepting  the  édition  of 
the  Systema  Naturœ  (tenth)  in  which  Linné  first  introduced  the 
binomial  nomenclature  as  the  starting  point,  they  preferred  homage 
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to  an  individual  rather  than  triith  to  a  principle,  and  insisted  on  the 
twelfth  édition  as  the  initial  volume  of  zoological  nomenclature.  The 
unfortunate  conséquences  hâve  been  manifold.  Such  conséquences 
are  the  natural  outcome  of  illogical  and  ill-considered  action  and 
must  always  sooner  or  later  follow.  After  thèse  many  years  almost 
ail  naturalists  hâve  acceded  to  the  adoption  of  the  tenth  édition. 

If  the  vertebrates  were  so  much  misunderstood  by  Linné,  it  may 
naturally  be  supposed  that  the  invertebrates  were  equally  or  still  less 
understood.  Only  one  interesting  case,  however,  can  be  referred  to. 
In  the  ninth  édition  of  the  Systema  Naturœ  I^inné  had  a  monotypic 
genus  Salacia  (p.  79)  with  a  species  named  Physalis  which  was  evi- 
dently  a  Physalia  as  long  understood.  In  the  tenth  édition  the  name 
Holothuria  was  substituted  for  Salacia  and  no  holothurians  in  the 
modem  sensé  were  recognized.  In  the  twelfth  édition  ail  the  species 
of  the  former  édition  were  retained,  but  the  diagnosis  was  altered  and 
four  holothurians  of  récent  authors  were  added,  and  thus  animais  of 
différent  subkingdoms  or  branches  were  confounded  in  the  genus. 
Now,  if  we  accept  the  tenth  édition  of  the  Systema  as  the  starting  of 
our  nomenclature,  obviously  Holothuria  cannot  be  used  as  it  has  been 
for  thèse  many  years,  and  it  must  be  revived  in  place  of  Physalia, 
notwithstanding  the  laments  of  those  who  are  distressed  by  such  a 
change.  The  echinoderms  now  called  holothurians  must  be  re- 
named.  We  can  imagine  the  clamor  that  will  arise  when  some  one 
attempts  the  change. 

Another  fault  of  less  moment  —  indeed  a  matter  of  taste  chiefiy  — 
was  committed  by  Linné.  Very  numerous  names  of  plants  and 
animais  occur  in  the  writings  of  varions  ancient  authors  and  were 
mostly  unidentifiable  in  the  time  of  Linné.  He  drew  upon  this  store 
with  utter  disregard  of  the  conséquences  for  names  of  new  gênera. 
]\Iost  of  the  ancient  names  can  now  be  identified  and  associated  with 
the  species  to  which  they  were  of  old  applied,  and  the  incongruity  of 
the  old  and  new  usage  is  striking.  For  example,  Dasypus,  a  Greek 
name  of  the  hare,  was  perverted  to  the  armadillos  ;  Trochilus,  a  name 
of  an  Egyptian  plover,  was  misused  for  the  humming  birds;  Amia,  a 
name  for  a  tunny,  was  transferred  to  the  bowfin  of  North  America. 
There  was  not  the  slightest  justification  for  such  perversion  of  the 
names  in  analogy  or  fitness  of  any  kind;  there  was  no  real  excuse 
for  it.  At  the  commencement  of  Linné's  career  (1737),  the  learned 
Professor  Dillenius,  of  Oxford,  strongly  protested  against  such  mis- 
usage  for  plant  gênera,  but  the  sinner  persisted  in  the  practice  till  the 
end.  Naturally  his  scholars  and  later  nomenclators  followed  the  bad 
example,  and  systematic  zoôlogy  is  consequently  burdened  with  an 
immense  number  of  the  grossest  and  most  misleading  misapplications 
of  ancient  names  revolting  to  the  classicist  and  historian  alike. 

The  influence  of  Linné  continued  to  be  felt  and  his  system  to  be 
adopted  until  a  new  century  had  for  some  time  run  its  course.    Mean- 


794        VII.    INTERNATIONAL  ZOÔLOGICAL  CONGRESS 

while,  in  France,  a  great  zoologist  was  developing  a  new  System  which 
was  piiblished  at  length  in  1817,  and  anew  witli  many  modifications  a 
dozen  years  later  (1829). 


George  Léopold  Chrétien  Frédéric  Dagobert  Cuvier* 

George  Ciivier  (born  1769)  claimed  ^  that  before  him  naturalists 
distributed  ail  the  invertebrates  among  two  classes  as  by  Linné.  In 
1795  he  published  an  account  of  mémorable  anatomical  investigations 
of  the  invertebrates  and  ranged  them  ail  under  six  classes:  moUusks, 
crustaceans,  insects,  worms,  echinoderms,  and  zoôphytes.  This  was 
certainly  a  great  improvement  over  previous  systematic  efforts,  but 
from  our  standpoint  crude  in  many  respects.  It  was,  however, 
necessarily  crude,  for  naturalists  had  to  learn  how  to  look  as  well  as 
to  think. 

Cuvier  later  essayed  to  do  for  the  animal  kingdom  alone  what 
Linné  did  for  ail  the  kingdoms  of  nature.  So  greatly  had  the  number 
of  known  animais  increased,  however,  that  he  did  not  attempt  to  give 
diagnoses  of  the  species,  but  merely  named  them,  mostly  in  footnotes. 
His  superior  knowledge  of  anatomy  enabled  him  to  institute  great  im- 
provements  in  the  System.  He  also  first  recognized  the  desirability  of 
combining  in  major  groups  classes  concerning  which  a  number  of 
gênerai  propositions  could  be  postulated. 

It  was  in  1812  that  Cuvier  presented  to  the  Academy  of  Sciences  ^ 
his  celebrated  memoir  on  a  new  association  of  the  classes  of  the  animal 
kingdom,  proposing  a  spécial  category  which  he  called  brandi  (em- 
branchment),  and  marshaling  the  classes  recognized  by  him  under 
four  primary  groups:  (1)  the  vertebrates  or  Animaux  vertébrés; 
(2)  the  molluscs  or  Animaux  mollusques;  (3)  the  articulâtes  or 
Animaux  articulés,  and  (4)  the  radiâtes  or  Animaux  rayonnes.  Thèse 
were  adopted  in  the  Règne  Animal.  In  the  first  (1817)  édition,  as  in 
the  second  (1829-1830),  nineteen  classes  were  recognized,  and  in  the 

'■  Cuvier's  name  has  been  accepted  as  he  himself  used  it  in  both  éditions 
(1817  and  1830)  of  the  Règne  Animal.  It  seems,  however,  that  this  may  hâve 
been  an  assumed  and  not  baptismal  name.  Vaillant,  in  his  translation  of  Von 
Baer's  Biography  of  Cuvier,  Annales  des  Sciences  naturelles,  6,  1907,  gives  a  long 
and  curions  note  of  which  a  part  foUows:  "Or  l'acte  de  naissance  porte  unique- 
ment: Jean-Léopold-Nicolas-Frédéric  ;  ce  sont  donc  là,  peut-on  dire,  les  pré- 
noms authentiques.  Ce  sont  ceux  qu'on  trouve,  semble-t-il  de  sa  main,  écrit  en 
tête  de  sa  nomination  comme  Chevalier  de  l'ordre  de  la  Réunion.  Mais  les  auteurs 
les  ont  très  diversement  et  très  singulièrement  changés;  pour  en  donner  un 
exemple,  Cap  {Le  Muséum  d'Histoire  naturelle,  p.  115,  1854)  dorne;  Georges- 
Leopold-Frédéric-Chretien-Dagobert.  Ce  dernier  prénom  est  l'un  de  ceux  du 
père  de  Cuvier,  d'après  l'acte  de  naissance  cité  plus  haut.  Dans  les  Bibliographies 
bien  connues  d'Engelmann  (1841),  de  Carus  et  Engelmann  (1861)  se  trouve  la 
même  énumeration,  sans  qu'on  comprenne  quelle  peut  bien  être  l'origine  de  cette 
erreur."  As  already  remarked,  Cuvier  himself  is  responsible  for  the  name,  but 
he  gave  George  and  not  Georges,  which  almost  ail  bibliographies  do. 

-  Règne  Animal,  1,  61,  1817. 

3  Ann.  Muséum  Hist.  Nat.,  Paris,  19,  73-84,  1812. 
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latter  too  little  considération  was  given  to  the  numerous  propositions 
for  the  improvement  of  the  System  that  had  been  suggested  and  urged 
meanwhile. 

It  has  been  generally  assumed  that  Cuvier's  work  was  fully  up  to 
the  high  mark  of  the  times  of  pubHcation,  and  for  many  years  the 
classification  which  he  gave  was  accepted  by  the  majority  of  natural- 
ists  as  the  standard  of  right.  To  such  extent  was  this  the  case  that  his 
classification  of  fishes  and  the  families  then  defined  was  retained  to  at 
least  the  penultimate  décade  of  the  last  century  by  the  first  ichthyolo- 
gists  of  France.  Nevertheless  the  work  was  quite  backward  in  some 
respects  and  exercised  a  retardative  influence  in  that  the  prééminent 
regard  in  which  the  great  Frenchman  was  held  and  the  proclivity  to 
follow  a  leader  kept  many  from  paying  any  attention  to  superior 
work  emanating  from  Cuvier's  contemporaries. 

It  is  by  no  means  always  the  naturalist  who  enjoys  the  greatest 
réputation  for  the  time  being  that  anticipâtes  future  conclusions. 
A  Frenchman  who  held  a  small  place  in  the  world's  regard  in  com- 
parison  with  Cuvier  advanced  far  ahead  of  him  in  certain  ideas. 
Henri  Marie  Ducrotay  de  Blain\'ille  (born  1777)  was  the  man.  When 
Cuvier  (1817)  associated  the  marsupials  in  the  same  order  as  the  true 
carnivores  and  the  monotremes  with  the  ed  en  ta  tes,  Blain  ville  (1816) 
contrasted  the  marsupials  and  monotremes  as  implacentals  ("Di- 
delphes")  against  the  ordinary  placentals  ("Monodelphes").  While 
later  (1829)  Cuvier  still  approximated  the  marsupials  to  the  carnivores, 
but  in  a  distinct  order  between  the  carnivores  and  the  rodents,  and 
still  retained  the  monotremes  as  a  tribe  of  the  edentates,  Blainville 
(1834)  recognized  the  marsupials  and  monotremes  as  distinct  sub- 
classes of  mammals  and  had  proposed  the  names  Monodelphes, 
Didelphes  and  Ornithodelphes,  still  largely  used  by  the  most  advanced 
of  modem  therologists. 

Against  the  action  of  Cuvier  in  ranging  ail  the  hoofed  mammals  in 
two  orders,  the  pachyderms  (including  the  éléphants)  and  the  rumi- 
nants, may  be  cited  the  philosophical  ideas  of  Blainville  (1816),  who 
combined  the  same  in  two  very  différent  orders,  the  Ongulogrades  and 
the  Gravigrades  (éléphants),  and  distributed  the  normal  Ongulogrades 
under  two  groups,  those  with  unpaired  hoofs  (Imparidigitates)  and 
those  with  paired  hoofs  (Paridigitates),  thus  anticipating  the  classifica- 
tion of  Owen  and  récent  naturalists  by  very  many  years. 

Cuvier's  treatment  of  the  Amphibia  of  Linné  equally  contrasted 
with  Blainville's.  As  late  as  1829  the  great  French  naturalist  still 
treated  the  batrachians  as  a  mère  order  of  reptiles  of  a  single  family, 
and  the  crocodilians  as  a  simple  family  of  saurians.  On  the  other 
hand,  as  early  as  1816  Blainville  had  given  subclass  rank  to  the  naked 
amphibians  with  four  orders,  and  also  ordinal  rank  to  the  crocodilians, 
and  a  little  later  (1822)  he  raised  the  subclasses  to  class  rank.  Still 
more,  Blainville  early   (1816)  recognized  that  the  so-called  naked 
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serpents  were  true  amphibians  and  gave  satisfactory  reasons  for  his 
assumption,  though  to  the  last  Cuvier  (1829)  considered  them  to  be 
merely  a  family  of  the  ophidians.  As  Blainville  claimed,  he  based  his 
classification  on  anatomical  facts.^ 

A  pupil  of  Blainville,  Ferdinand  L'Herminier  of  the  island  of 
Gaudeloupe,  at  the  instance  and  following  the  lead  of  his  master 
(1827),  undertook  the  comparative  study  of  the  sternal  apparatus  of 
birds  and  thereby  discovered  a  key  to  the  natural  relationship  of  many 
types  which  anticipated  by  many  years  the  views  now  current.  For 
instance,  L'Herminier  first  correctly  appreciated  the  différences  of 
the  ostriches  and  penguins  from  other  birds,  the  différence  between 
the  passerines  and  swifts,  the  homogeneity  of  the  former,  and  the 
aflfinity  of  the  humming  birds  and  the  swifts.  Meanwhile  Cuvier,  like 
Linné,  was  content  to  accept  as  the  basis  for  his  primary  classification 
of  birds,  superficial  modifications  of  the  bill  and  feet  (toes  and  nails) 
which  led  to  many  unnatural  associations  as  well  as  séparations,  but 
which  nevertheless  hâve  been  persisted  in  even  to  our  own  day  by 
many  ornithologists. 

Now  what  could  hâve  been  the  underlying  idea  which  hindered 
the  foremost  comparative  anatomist  of  his  âge  from  the  récognition  of 
what  are  now  considered  to  be  elementary  truths  and  what  enabled 
Blainville  to  forge  so  far  ahead  ?  Cuvier  manifestly  allowed  himself  to 
be  influenced  by  the  sentiment  prévalent  in  his  time,  that  systematic 
zoôlogy  and  comparative  anatomy  were  différent  provinces.  It  may, 
indeed,  seem  strange  to  make  the  charge  against  the  prééminent 
anatomist,  that  he  failed  because  he  neglected  anatomy,  but  it  must 
become  évident  to  ail  who  carefully  analyze  his  zoological  works  that 
such  neglect  was  his  prime  fault.  He,  in  fact,  treated  zoology  and  anat- 
omy as'distinct  disciplines,  or,  in  other  words,  he  acted  on  the  principle 
that  animais  should  be  considered  independently  from  two  points  of 
view,  the  superficial,  for  those  facts  easily  observed,  and  the  profound, 
or  anatomical  characters.  Blainville,  on  the  contrary,  almost  from 
the  first,  considered  animais  in  their  entirety  and  would  estimate  their 
relations  by  a  view  of  the  entire  organization.  Yet  the  sentiment  then 
prévalent  was  reflected  by  one  who  enjoyed  a  high  réputation  for  a 
time  as  a  "  philosophical  zoologist  "  — William  Swainson.  In  A 
Treatise  on  the  Geography  and  Classification  of  Animais  (p.  173, 1836), 
the  author  complained  that  "Cuvier  rested  his  distinctions  .  .  .  upon 
characters  which,  however  good,  are  not  always  compréhensible, 
except  to  the  anatomist.  The  utility  of  his  system,  for  gênerai  use,  is 
consequently  much  diminished,  and  it  gives  the  student  an  impression 
(certainly  an  erroneous  one)  that  the  internai,  and  not  the  external, 
structure  of  an  animal  alone  décides  its  place  in  nature."  It  was  long 
before  such  a  mischievous  opinion  was  discarded. 

'  "  Ses  bases  sont  anatomiques  et  surtout  tirées  de  la  considération  du  crâne," 
Bull.  Se.  Soc.  Philom.,  111,  1816. 
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Cuvier  was  regarded  almost  universally  by  his  contcmporaries,  and 
long  afterwards,  in  the  words  of  his  intellectual  successor,  Louis 
Agassiz,  as  "the  greatest  zoologist  of  ail  tirae."  ^  In  view  of  the  facts 
already  cited  and  innumerable  others  that  could  be  added,  however, 
the  contemporary  verdict  miist  be  somewhat  modified.  Cuvier  was 
a  very  great  man  of  inost  impressive  personality,  wide  versatility, 
extraordinary  industry,  vast  knowledge  of  zoological  and  anatomical 
détails,  an  excellent  historian,  a  useful  critic,  and  of  good  judgment  in 
afîairs  generally,  but  although  a  greater  ail-round  man,  as  a  systeraatic 
zoologist  he  was  not  the  equal  of  a  couple  of  his  French  contempo- 
raries,  Blain ville  and  Latreille.  We  hâve  either  to  admit  this  conclu- 
sion or  confess  that  our  now  universally  admitted  views  are  wrong. 
Nevertheless,  Cuvier 's  work  was  of  great  importance,  and  he  first 
brought  to  the  aid  of  systematic  zoology  the  new  science  of  vertebrate 
paleontology. 

Cuvier  and  Paleontology 

The  animais,  and  especially  the  vertebrates,  of  past  âges  were 
practically  unknown  to  thé  early  zoologists,  and  when  they  had  large 
collections,  as  did  Volta  of  the  fishes  of  Mount  Bolca,  they  identified 
them  with  modem  species,  or,  with  Scheuchzer,  might  consider  a  giant 
salamander  as  a  man  witness  of  the  déluge  —  "Homo  diluvii  testis"  I 
It  was  not  until  Cuvier,  with  superior  knowledge  of  skeletal  détails, 
examined  numerous  bones  unearthed  from  the  Tertiary  beds  about 
Paris,  that  the  complète  distinction  of  animais  of  ancient  formations 
from  living  species  was  recognized.  Then  was  afîorded  the  first 
glimpse  of  extinct  faunas  destined  to  far  outnumber  the  existing  one, 
but  so  imperfect  was  the  great  paleontologist's  foresight  of  what  lay 
in  store  for  the  future  that  he  enunciated  a  dogma  which  was  long 
accepted  as  sacrosanct;  he  called  it  the  law  of  corrélation  of  structure. 
A  striking  and  even  amusing  example  of  its  exposition  and  its  failure 
I  hâve  previously  drawn  attention  to. 

Huxley,  in  his  excellent  Introduction  to  the  Classification  of  Ani- 
mais (published  in  1869),  in  his  first  chapter,  "  On  Classification  in 
General,"  concluded  a  considération  of  Cuvier's  law  of  the  corré- 
lation of  structure  with  the  following  para'^aphs  : 

"  Cuvier,  the  more  servile  of  whose  imitators  are  fond  of  citing  his  mis- 
taken  doctrines  as  to  the  nature  of  the  methods  of  paleontology  against 
the  conclusions  of  logic  and  of  common  sensé,  has  put  this  so  strongly  that 
I  can  not  refrain  from  quoting  his  words. ^ 

"  But  I  doubt  if  any  one  would  hâve  divined,  if  untaught  by  observation, 
that  ail  ruminants  hâve  the  foot  cleft,  and  that  they  alone  hâve  it.  I  doubt 
if  any  one  would  hâve  divined  that  there  are  frontal  horns  only  in  this 

'  Agassiz,  Essay  on  Classification,  286. 
^  Ossemens  fossUes,  éd.  4.  4,  184. 
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class;    that  those  among  them  which  hâve  sharp  canines  for  the  most 
part  lack  hor.ns. 

"  However,  since  thèse  relations  are  constant,  they  must  hâve  some 
sufficient  cause  ;  but  since  we  are  ignorant  of  it,  we  must  make  good  the 
defect  of  the  theory  by  means  of  observation;  it  enables  us  to  estabUsh 
empirical  laws,  which  become  ahiiost  as  certain  as  rational  laws,  when 
they  rest  on  sufficiently  repeated  observations  ;  so  that  now,  whoso  sees 
raerely  the  print  of  a  cleft  foot  may  conckide  that  the  animal  which  left 
this  impression  ruminated,  and  this  conclusion  is  as  certain  as  any  other 
in  physics  or  morals.  This  footprint  alone,  then,  yields  to  him  who  ob- 
serves it,  the  form  of  the  teeth,  the  form  of  the  jaws,  the  form  of  the  ver- 
tébrée, the  form  of  ail  the  bones  of  the  legs,  of  the  thighs,  of  the  shoulders, 
and  of  the  pelvis  of  the  animal  which  lias  passed  by;  it  is  a  surer  mark 
than  ail  those  of  Zadig." 

The  first  perusal  of  thèse  remarks  would  occasion  surprise  to  some 
and  immediately  induce  a  second,  more  careful  reading  to  ascertain 
whetlier  they  had  not  been  misunderstood.  Men  much  inferior  in 
capacity  to  Cuvier  or  Huxley  may  at  once  recall  living  exceptions  to 
the  positive  statements  as  to  the  coordination  of  the  "foot  cleft" 
with  the  other  characteristics  specified,  One  of  the  most  common  of 
domesticated  animais  —  the  hog  —  may  come  up  before  the  "mind's 
eye,"  if  not  the  actual  eye  at  the  moment,  to  réfute  any  such  corréla- 
tion as  was  claimed.  Nevertheless,  notwithstanding  the  fîerce  con- 
troversial  literature  centered  on  Huxley,  I  hâve  never  seen  an  allusion 
to  the  lapse.  And  yet  every  one  will  admit  that  the  hog  lias  the  "foot 
cleft"  just  as  any  ruminant,  but  the  "form  of  the  teeth"  and  the  form 
of  some  vertebrœ  are  quite  différent  from  those  of  the  ruminants  and 
of  course  the  multiple  stomach  and  adaptation  for  rumination  do  not 
exist  in  the  hog.  That  any  one  mammalogist  sliould  make  such  a  slip 
is  not  very  surprising,  but  that  a  second  equally  learned  sliould  follow 
in  his  steps  is  a  singular  psycliological  curiosity.  To  make  the  case 
clearer  to  those  not  well  acquainted  with  mammals,  I  may  add  that 
hecause  the  feet  are  cleft  in  the  saine  manner  in  the  hogs  as  in  the 
ruminants,^  both  groups  hâve  long  been  associated  in  the  same  order 
under  the  name  paridigitates  or  artiodactyles,  contrasting  with  an- 
other  (comprising  the  tapirs,  rhinocerotids  and  liorses)  called  Im- 
paridigitates  or  perissodactjles. 

I  need  scarcely  add  that  the  law  of  corrélation  applied  by  Cuvier 
to  the  structures  of  ruminants  entirely  fails  in  the  case  of  many  extinct 
mammals  discovered  since  Cuvier's  days.  Zadig  would  hâve  been 
completely  nonplussed  if  he  could  hâve  seen  the  imprint  of  an  agrio- 
chœrid,  a  uintatheriid,  a  menodontid  or  a  chalicotheriid. 

*  The  only  essential  différence  between  the  feet  of  hogs  and  ordinary  rumi- 
nants is  one  of  degree  in  the  development  of  the  latéral  hooflets.  There  is  every 
gradation  among  the  Artiodocyles,  récent  and  extinct,  between  forms  having 
the  latéral  hoofs  aborted  and  those  with  ail  developed  and  accumbent  on  the 
ground. 
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The  value  of  this  law  was  long  insisted  upon  by  many.  Some  of 
the  best  anatomists,  as  Blainville,  protested  against  its  universality, 
but  one  who  ranked  with  Cuvier  in  skill  and  knowledge  of  anatomy, 
Richard  Owen,  long  upheld  Cuvier's  view.  "You  may  be  aware," 
he  wrote  in  1843,  "that  M.  DeBlainville  contends  that  the  ground  — 
viz.,  a  single  bone  or  articulai  facet  of  a  bone  —  on  which  Cuvier 
deemed  it  possible  to  reconstruct  the  entire  animal,  is  inadéquate  to 
that  end.  In  this  opinion  I  do  not  coincide."  ^  The  many  mistakes 
Owen  made  in  attempting  to  apply  the  principle  proves  how  well 
Blainville's  contrary  opinion  was  justified. 

The  numberless  remains  of  past  animais,  rescued  from  the  many 
formations  which  the  animais  themselves  distinguished,  hâve  entailed 
constant  revisions  of  Systems  resulting  from  clearer  compréhension  of 
the  development  of  the  animal  kingdom.  Such  revision,  too,  must 
continue  for  many  générations  y  et  to  corne. 

Cm'iER  AND  Anatomy 

The  failure  to  sufficiently  apply  anatomy  to  systematic  zoology  was 
especially  exemplified  in  the  treatment  of  the  fishes  which  absorbed  so 
much  of  Cuvier's  attention  in  later  years.  He,  as  well  as  his  associate, 
gave  accounts  of  the  viscéral  anatomy  and  was  led  —  often  misled  — - 
to  conclusions  respecting  relations  by  his  dissections,  but  he  failed  to 
receive  enlightenment  by  examination  of  the  numérous  skeletons  he 
had  made.  Those  skeletons,  pregnant  with  significance  for  the  future, 
had  no  meaning  for  Cu\der  ;  he  never  learned  how  to  utilize  them  for 
the  fishes  as  he  did  those  of  the  mammals.  His  colleague  and  successor, 
Valenciennes,  in  the  great  Histoire  Naturelle  des  Poissons,  was  equally 
unappreciative  of  the  importance  of  comparative  osteology  for  com- 
préhension of  the  mutual  relations  of  the  groups  of  fishes. 

Citv^ier's  Successors 

The  same  defect  in  method  or  logic  that  characterized  Cuvier's 
work  was  manifested  by  his  great  English  successor  in  range  of  knowl- 
edge of  comparative  anatomy,  Richard  Owen.  His  families,  for  the 
most  part,  were  the  artificial  assemblages  brought  together  by  zoolo- 
gists  on  account  of  superficial  characters  and  too  often  without  rigorous 
aUention  to  the  applicability  of  the  characters  assigned.  Much  better 
was  the  work  of  the  greatest  naturalist  of  ail,  Johannes  Millier,  who 
advanced  our  knowledge  of  the  systematic  relations  of  ail  classes  of 
vertebrates  as  well  as  invertebrates.  But  ail  were  unable  to  free  them- 
selves from  the  incubus  of  the  popular  idea  that  ail  branchiferous 
vertebrates  formed  a  unit  to  be  compared  with  birds  and  mammals. 
Several  propositions  to  segregate,  as  classes,  Amphioxus  and  the 
1  Owen,  Am.  Journ.  Se.  and  Arts,  45,  185,  1843. 
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chondropterygians  had  been  made,  and  Louis  Agassiz  deserves  the 
crédit  of  claiming  class  value  for  the  mysonts  or  marsipobranchs  as 
well  as  the  selachians.  But  it  was  left  to  Ernst  Haeckel,  a  pupil  of 
]\Iuller,  still  happily  li^âng,  to  divest  himself  entirely  of  ancient  préju- 
dices and  apprécia  te  the  interrelationship  of  the  primary  sections 
of  the  vertebrate  branch.  He  for  the  first  time  (1866)  set  apart  the 
amphioxids  in  a  group  opposed  to  ail  other  vertebrates,  then  docked 
off  the  marsipobranchs  from  ail  the  rest,  and  collected  the  classes 
generally  recognized  in  essentially  the  same  manner  as  is  now  préva- 
lent. We  may  difîer  from  Haeckel  as  to  his  classes  of  fishes  and 
dipnoans,  but  his  correctness  in  the  action  just  noticed  will  be  con- 
ceded  by  most,  if  not  ail,  systematic  zoologists  to-day. 

Embryology 

While  Cuvier  was  still  flourishing,  a  school  of  investigators  into 
the  developmental  changes  of  the  individual  in  différent  classes,  and 
among  them  the  vertebrates,  was  accumulating  new  material  which 
should  be  of  use  to  the  systematic  zoologist.  Chief  of  thèse  was  Karl 
Ernst  von  Baer.  In  various  memoirs  (1826  et  seq.)  he  subjected  the 
major  classification  of  animais  to  a  critical  review  from  an  embryo- 
logical  point  of  view,  recognized,  with  Cuvier,  the  existence  of  four 
distinct  plans  which  he  called  types,  and  characterized  them  in  embry- 
ological  terms  —  Evolutio  radiata,  Evolutio  contorta  (molluscs),  J^vo- 
lutio  gemina  (articulâtes)  and  Evolutio  bigemina  (vertebrates).  The 
last  were  successively  difîerentiated  on  account  of  the  embryonic 
changes  from  the  fishes  to  the  mammals.  "Thèse  Beitrage,"  Louis 
Agassiz  justly  affirmed,  "and  the  papers  in  which  Cuvier  characterized 
for  the  first  time  the  four  great  types  of  the  animal  kingdom,  are  among 
the  most  important  contributions  to  gênerai  zoôlogy  ever  pubhshed." 

One  of  the  most  notable  results,  so  far  as  systematic  zoology  was 
involved,  was  the  déduction  forced  on  Kowalevsky  by  his  investigation 
of  the  embryology  of  tunicates,  that  those  animais,  long  associated 
with  acephalous  molluscs,  were  really  degenerate  and  specialized 
protovertebrates.    This  view  early  won  gênerai  acceptance. 

While  embryology  was  very  successfully  used  for  the  elucidation 
of  systematic  zoology  its  facts  were  often  misunderstood  and  perverted. 
For  instance,  the  cetaceans  were  regarded  as  low  because  they  had  a 
primitive  fish-like  form,  although  it  must  be  obvions  to  ail  logical 
zoologists  of  the  présent  time  that  they  are  derived  from  a  quadruped 
stock;  snakes  hâve  been  also  regarded  as  inferior  in  the  scale  because 
no  legs  were  developed,  although  it  would  be  now  conceded  by  every 
instructed  herpetologist  that  they  are  descendants  of  footed  or  lizard- 
like  reptiles.  Ammocœtes  was  considered  as  higher  than  Petromyzon 
"inasmuch  as  the  division  of  the  lips  indicates  a  tendency  towards  a 
formation  of  a  distinct  upper  and  lower  jaw,"  but  we  now  know  that 
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Ammocœtes  is  the  larval  form  of  Petromyzon.  Inniimerable  still 
more  pertinent  examples  might  be  adduced  for  the  inferior  systematic 
grades,  orders,  familles,  gênera,  species,  etc.  The  words  "high"  and 
"low"  were  used  when  generalized  and  specialized  were  really  meant, 
and  those  words,  pregnant  with  mischief,  often  led  their  users  astray 
as  well  as  the  students  to  which  thev  were  addressed. 


Philosophical  Zoology 

As  knowledge  of  the  varions  animal  groups  increased  and  count- 
less  new  species  were  piling  up,  yearning  arose  to  discover  principles 
underlying  the  enormous  mass  of  accumulating  détails,  and  the  ex- 
cogitations of  varions  naturalists  resulted  in  some  curions  spéculation 
and  expression  in  classificatory  form.  They  called  their  outpourings 
philosophy  or  philosophical  zoology,  and  philosophers  they  were  called 
by  others. 

Some  of  the  philosophers  grouped  animais  according  to  supposed 
degrees  of  nervous  sensibility  ;  ^  some  according  to  the  relations  or  parts 
to  a  center  or  an  axis  ;  ^  some  under  groups  supposed  to  correspond 
with  différent  Systems  of  the  body,  as  the  alimentary,  the  vasciilar,  the 
respiratory,  the  skeletal  and  the  muscular,^  and  some  would  accord  to 
each  of  the  sensés  definite  groups.^ 

Equally,  if  not  more  extravagant,  views  were  entertained  by  many 
naturalists  that  créative  power  delighted  in  the  symmetry  of  numbers 
and  in  circular  arrangements.  It  was  contended  that  ail  groups  of 
animais  represented  analogous  groups  in   successively  diminishing 

'  Lamarck  (1812)  contended  for  three  catégories  of  animais:  (1)  apathetic 
animais  and  (2)  sensitive  animais  among  the  invertebrates,  and  (3)  intelligent 
animais,  équivalent  to  the  vertebrates. 

^  Blainville  (1816)  proposed  to  divide  the  animal  kingdom  into  three  sub- 
kingdoms:  (1)  the  Artiomorphes,  having  a  bilatéral  form,  (2)  the  Actinomorphes, 
ha\'ing  a  radiate  form,  and  (3)  the  Héteromorphes  (mainly  sponges  and  proto- 
zoans),  having  an  irregular  form. 

^  Oken  (1802-47)  gave  expression  to  his  varjang  views  in  several  differing 
classifications.  In  one  scheme  {El.  Physiaphilosophy,  511  etseq.,  1847)  he  claimed 
that  there  were  five  "circles"  corresponding  with  the  "animal  Systems":  (1)  In- 
testinal animais  (Protozoa  and  Radiâtes)  ;  (2)  Vascular,  sexual  animais  (Mol- 
luscs)  ;  (3)  Respiratory,  cutaneous  animais  (Articulâtes)  ;  (4)  Sarcose  animais 
(Vertebrates  except  mammals),  and  (5)  Aistheseozoa,  or  animais  "with  ail  .  .  . 
organs  of  sensé  perfectly  developed"  (mammals). 

*  Oken  maintained  (1802-47):  "that  the  animal  classes  are  virtualiy  noth- 
ing  else  than  a  représentation  of  the  sense-organs,  and  that  they  must  be  arranged. 
in  accordance  with  them.  Thus,  strictly  speaking,  there  are  only  five  animal 
classes:  Dermatozoa  (skin  or  touch  animais),  or  the  Invertebrata ;  Glossozoa 
(tongue animais),  or  the  fishes  .  .  .;  Rhinozoa  (nose  animais),  or  the  reptiles  .  .  .; 
Otozoa  (ear  animais) ,  or  the  birds  ;  Ophthalmozoa  ,(eye  animais) ,  or  the  Thricozoa 
(mammals).  .  .  .  But  since  ail  végétative  Systems  are  subordinate  to  the  tégu- 
ment or  gênerai  sensé  of  feeling,  the  Dermatozoa  divide  into  just  as  many  or 
corresponding  divisions,  which,  on  account  of  the  quantity  of  their  contents, 
may  be  for  the  sake  of  convenience  also  termed  classes."  —  Oken,  El.  Physio- 
philosophy,  p.  xi.,  1847.  For  the  many  other  assumptions  on  similar  and  divergent 
Unes  the  reader  must  refer  to  the  Eléments  of  Physiophilosophy  (1847). 
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circles;  that  in  a  perfect  System  there  werea  definite  number  of  sub- 
kingdoms,  an  equal  number  of  classes  in  each  siibkingdom,  of  orders 
in  each  class,  of  suborders,  of  families,  of  gênera,  of  subgenera,  etc. 
Some  maintained  that  three  was  the  régnant  number,  others  upheld 
four,  others  seven,  but  the  most  numerous  and  influential  school 
contended  for  five.  Exactly  what  the  philosophers  thought  they 
meant,  or  what  strange  visions  they  may  hâve  conjured  up  may  never 
be  known.  But  for  a  time  (1822-42)  the  school  of  quinarians,  as  they 
were  called,  claimed  most  of  the  naturalists  of  Britain.  The  most 
zealous  of  the  school  (William  Swainson)  was  especially  displeased 
with  the  developmental  hypothesis  of  Lamarck  and  characterized 
the  "spéculations"  of  the  great  Frenchman  "not  merely  as  fanciful, 
but  absolutely  absurd." 

But  it  was  the  much-contemned  hypothesis  of  descent  with  modi- 
fications that  was  destined  at  last  to  relieve  biological  science  of  the 
wild  and  irrational  spéculations  and  classifications  of  the  nature- 
philosophers,  physiophilosophers,  circularians,  quinarians,  trinarians, 
septenarians,  and  their  like  that  flourished  during  the  first  half  of  the 
past  century. 

Development  Theory 

Although  there  had  been  previous indications  of  belief  that  trans- 
mutation of  species  might  hâve  been  a  cause  for  the  diversity  of  animal 
life,  Jean  Baptiste  Pierre  Antoine  de  Monet  de  Lamarck  (1S09)  first 
framed  a  hypothesis  that  had  a  logical  basis,  although  weakened  by 
unproved  postulâtes.  In  view  of  those  weaknesses,  it  was  easy  to 
bring  forth  many  facts  that  seemed  to  militate  unanswerably  against 
it,  and  such  were  well  put  forward  by  Cuvier;  as  the  hypothesis,  too, 
was  very  unpopular,  it  was  for  a  long  time  stifled.  In  the  meanwhile 
geological  and  paleontological  investigation,  comparative  morphology, 
physiolog}',  embryology,  and  zoogeography,  as  well  as  systematic 
zoology,  were  revealing  innumerable  facts  that  pointed  ail  in  the  same 
direction  and  were  only  explicable  collectively  by  the  assumption  that 
they  were  the  resuit  of  original  community  of  origin  and  subséquent 
déviation  by  graduai  changes  from  time  to  time.  The  facts  were  at 
length  collocated  with  extrême  skill  by  Charles  Darwin  (1859)  and  a 
rational  explanation  of  their  évolution  by  means  of  natural  sélection 
made  the  new  development  theory  acceptable  to  well-informed  natu- 
ralists and  logical  thinkers  generally. 


Séquence  of  Groups 

It  had  been  almost  the  universal  custora  from  olden  time,  as  well  as 
during  the  Linnœan  era,  to  commence  the  enumeration  or  catalogues 
of  animais  with  the  forms  exhibiting  most  analogy  with  man  and 
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consequcntly  the  highest  in  the  scale  of  organic  nature.  As  long  as 
species  were  assumée!  to  be  individually  created  tliis  was  perhaps  the 
most  natural  course,  and  at  least  had  the  advantage  of  proceeding 
from  the  comparatively  known  to  the  ahiiost  unknown.  A  significant 
and  noteworthy  exception  to  this  mode  of  procédure  among  the  old 
naturaUsts  was  afibrded  by  Lamarck  (1809  et  seq.),  the  precursor  in 
this  respect,  as  well  as  in  récognition  of  descent,  of  the  modem  school. 
When  it  bccame  generally  recognized  that  there  had  heen  always  a 
progression  and  development  from  antécédent  forms,  naturally  there 
was  a  change  in  the  manner  of  exposition  of  a  séries,  and  the  lowest 
forms  were  taken  as  the  initial  ones  and  followed  by  those  successively 
higher  in  the  scale  of  beings.  Even  when  oîd  préjudices  were  adminis- 
tered  to  and  the  highest  animais  put  first  in  a  work,  it  was  often  donc 
in  a  reversed  séries  ;  that  is,  after  the  supposed  natural  ascensive  séries 
had  been  determined  on,  that  séries  was  simply  reversed  in  order 
that  the  highest  should  be  the  first  and  the  lowest  the  last.  Many  of 
our  text-books  of  zoi)\ogy  still  hâve  this  characteristic,  but  are  being 
rapidly  replaced  by  those  exhibiting  the  phyletic  séries. 

HiSTOLOGY 

One  of  the  most  noteworthy  modifications  of  systematic  zoology 
was  the  fruit  of  histologicaî  research.  In  1839  Theodor  Schwann, 
incited  by  the  brilliant  results  of  Matthias  Jacob  Schleiden's  re- 
searches  (1838)  in  végétal  histology,  and  at  the  suggestion  of  Johannes 
jMuUer,  undertook  investigations  which  led  him  to  consider  that  the 
animal  frame  was  built  up  from  innumerable  cells  variously  modifîed 
to  form  the  différent  Systems  and  organs  of  which  it  is  composed. 
Ultimately  the  animais  tlius  developed  were  segregated  by  Ernst 
Haeckel,  and  the  animal  kingdom  was  limited  to  them,  while  the 
simple  unicellular  animais  which  had  been  already  designated  as  Pro- 
tozoa  were  associated  with  unicellular  plants  under  the  gênerai  term 
Protista.  One  of  the  prominent  features  of  this  idea  was  accepted  by 
Huxley  (1874)  with,  however,  the  very  important  modification  of 
retaining  the  old  conception  of  the  animal  kingdom  and  keeping  the 
name  Protozoa  as  the  collective  name  of  the  unicellular  animais  while 
taking  a  suggested  name  of  Haeckel's  (Metazoa)  for  the  multi- 
cellular  animais. 

Gradual  Délimitation  of  Gênera 

As  lias  been  already  noted,  the  animal  gênera  of  Linné  were  mostly 
extremely  comprehensive,  answering,  when  natural  groups,  to  families, 
superfamilies,  and  even  orders  or  classes  of  modem  naturalists.  Such 
contrast,  however,  with  others  of  the  Linnœan  gênera,  and  when  this 
fact  became  recognized  and  it  was  discovered  that  the  large  gênera 
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embraced  types  exhibiting  many  différences  in  détail,  the  latter  were 
subdivided;  early  in  the  past  century,  at  first  owing  especially  to 
French  and  German  naturalists,  the  subdivision  of  old  gênera  on 
approximately  présent  hnes  was  commenced  and  appHed  at  différent 
times  to  varions  classes.  It  is  noteworthy  that  in  some  instances  the 
authors  of  the  new  gênera  quite  abruptly  changed  their  minds  regard- 
ing  the  nature  of  such  groups.  For  example,  Lacépède,  in  1798,  in 
the  closing  lecture  of  his  course  at  the  Muséum  of  Natural  History, 
recognized  only  fifty-one  gênera  of  mammals,  but  a  few  months  later 
(in  1799),  in  a  "tableau,"  admitted  and  defined  eighty-four  gênera. 

It  seems  to  be  generally  supposed  that  there  has  been  an  unin- 
terrupted  tendency  among  zoologists  to  refinement  and  increase  of 
number  of  gênera  to  the  présent  time,  but  such  is  by  no  means  the 
case.  Half  a  centurv  ago  and  more  some  ornithologists  subdivided  old 
gênera  and  made  new  ones  to  an  extent  to  which  none  of  the  présent 
time  is  prepared  to  go.  For  example,  Charles  Bonaparte,  Prince  of 
Canino,  required  eleven  gênera  of  gulls  to  include  those  now  congre- 
gated  in  one,  About  the  same  time,  some  herpetologists  were  equally 
radical.  Leopold  J.  F.  J.  Fitzinger,  in  1843,  distributed  species  which 
are  now  combined  by  ail  in  the  genus  Anolis  among  no  less  than 
fîfteen  gênera.  The  genus  Bufo,  as  now  understood,  was  split  by 
some  herpetologists  into  a  dozen  or  more.  Thèse  are  only  samples 
of  numberless  analogous  cases. 

The  Old  and  the  New 

A  comparison  of  systematic  zoology  at  its  dawn  with  that  of  the 
présent  time  is  rather  a  contrast  of  différent  thèmes. 

The  old  naturalists  believed  that  ail  species  of  animais  were  created 
as  such  by  a  divine  fiât;  the  modem  consider  that  ail  animais  are 
derivatives  from  former  ones  and  that  their  différences  hâve  been 
acquired  during  descent  and  development. 

The  Linnœans  based  their  Systems  on  superficial  characteristics, 
and  the  modems  take  into  considération  the  entire  animal. 

The  early  systematists  assumed  that  characters  drawn  from 
structures  or  parts  most  useful  to  the  animais  were  the  best  guides  to 
the  relationship  of  the  animais;  the  latest  ones  hâve  learned  to  dis- 
trust the  evidential  value  of  similarity  of  structures  unaccompanied 
by  similarity  of  ail  parts.  The  former  were  guided  mainly  by  phys- 
iological  characters;  the  latter  take  morphological  ones. 

The  Linnœans  confined  their  generalizations  to  few  catégories  — 
gênera,  orders,  classes;  the  modems  exhibit  the  manifold  modifica- 
tions and  coordinations  of  ail  structural  parts  in  many  catégories 
—  gênera,  subfamilies,  families,  superfamilies  and  various  higher 
groups. 

Tlie  old  naturalists  believed  more  or  less  in  the  existence  of  a 
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regular  chain  of  beings  from  high  to  low;   the  new  ones  recognize  the 
boundless  ramifications  of  ail  animal  stocks. 

The  elders  assinned  certain  forras  as  highest  and  ranged  their 
séries  from  high  to  low;  the  sons  commence  their  séries  with  the 
most  generalized  types  and  progress  from  the  generalized  to  the  more 
specialized. 

Prospects  and  Needs 

In  mimerons  old  systematic  and  descriptive  works  —  but  in 
many  cases  not  very  old  —  the  skeleton  and  other  anatomical  détails 
were  Jioticed  in  connection  with  the  species  described,  but  not  seldom 
some  of  those  détails,  if  rightly  interpreted,  would  be  in  contravention 
of  the  classification  adopted.  In  fact,  the  anatomy  was  to  ail  intents 
and  purposes  treated  as  an  offering  of  curions  but  useless  information. 
Such  conceptions,  happily,  are  mainly  —  but  not  entirely  —  of  the 
past,  and  we  may  liye  to  welcome  the  day  when  every  animal  will  be 
treated  as  whole.  Systematic  zoology  wdll  then  be  regarded  as  the  ex- 
pression of  our  knowledge  of  the  entire  structure  and  as  an  attempted 
équation  of  the  results  obtained  by  investigations  of  ail  kinds.  In 
fact,  systematic  zoology  is  simply  an  attempt  to  estimate  the  relative 
importance  of  ail  structural  détails  and  to  correlate  them  so  that  their 
relative  values  shall  become  most  évident.  It  is  the  scientific  out- 
come  of  ail  anatomical  or  morphological  knowledge,  and  the  aim  is  to 
arrange  the  animal  groups  in  such  a  manner  as  to  show  best  their 
genetic  relations  and  the  successive  steps  of  divergence  from  more  or 
less  generalized  stocks. 

One  consummation  devoutly  to  be  wished  for  is  gênerai  acceptance 
of  a  standard  for  comparison  and  the  use  of  terms  wùth  as  nearly 
equal  values  as  the  circumstances  admit  of.  There  is  a  great  différence 
in  the  use  of  taxonomic  names  for  the  différent  classes  of  the  animal 
kingdom.  The  différence  is  especially  great  between  usage  for  the 
birds  and  that  for  the  fishes.  For  the  former  class,  gênera,  familles 
and  orders  are  based  on  characters  of  a  very  trivial  kind.  For  ex- 
ample, the  family  of  Turdidœ,  or  thrushes,  relieved  of  formai  verbiage, 
lias  been  distinguished  from  neighboring  familles  solely  because  the 
young  hâve  spots  on  the  breast,  but  even  this  distinction  is  now  known 
to  fail  in  some  instances.  Extremely  few,  if  any,  of  the  familles  of 
oscine  birds  are  based  on  characters  of  a  kind  which  would  be  re- 
garded as  of  family  value  in  other  classes  of  vertebrates.  On  the  other 
hand,  many  of  the  familles  and  gênera  of  fishes  are  made  by  some 
excellent  authorities  to  include  types  separated  by  striking  peculi- 
arities  of  the  skeleton  as  well  as  the  exterior.  The  mammals  are  a 
class  whose  treatment  has  been  mostly  intermediate  between  that  for 
the  birds  and  that  for  the  fishes.  Its  divisions,  inferior  as  well  as 
comprehensive,  hâve  been  founded  on  anatomical  characters  to  a 
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greater  extent  than  for  any  otlier  class.  1rs  stiidents  are  numerous  and 
qualitieii.  Mammalogy  might  therefore  well  be  accepted  as  a  standard 
for  taxonomy,  and  the  groups  adopted  for  it  be  iniitaioil  as  nearly  as 
the  ditïering  conditions  will  admit.  The  familles  of  birds  would  then 
be  much  rednced  in  number  and  those  of  tishes  increased.  AU  the 
active  herpetologists  and  ichthyologists  of  the  United  States  hâve 
subordinated  theh-  own  beliefs  and  ideas  as  to  what  would  hâve  been 
most  désirable,  to  a  greater  or  less  extent.  to  approxiniate  the  désirable 
réduction  of  the  terms  admitted  by  thein  to  a  standard  unitorm  with 
that  adopted  by  inammalogists.  If  others  would  likewise  Siicritice 
their  own  prédilections,  the  lamentable  iriequality  of  tisage  now  préva- 
lent would  be  much  less;  siieh  congruiry  would  be  to  the  great  ad- 
vantage  of  comparative  taxonomy. 

In  thèse  days  of  extrême  specialization  one  of  the  greatest  needs  in 
our  universities  is  a  professor  of  sysrematic  zoiilogy  with  whom  con- 
férence may  be  lield  as  to  the  propriety  of  any  systematic  moditîca- 
tion  resulting  from  spécial  investigation  of  the  anatomy  ot  any  organ 
or  part,  or  of  any  group  of  animais.  Such  conférence  might  prevent 
the  publication  of  many  propositions  due  to  exclusive  considération 
of  an  isolated  subject.  Perhaps  the  désignation  of  systematic  mor- 
phology  might  better  indicate  the  nature  ot  the  sugirested  course. 
The  consuramation,  however,  it  luust  be  aihnitted.  is  more  désirable 
than  probalile. 

I  hâve  intentionally  refrained  from  any  consiileration  of  the  work 
of  Ii\'ing  zoologists.  If  I  had  undertaken  this.  the  task  of  sélection 
would  hâve  been  verv  difficuit,  and  at  any  rate  the  time  demanded 
for  proper  considération  would  hâve  been  much  more  than  that 
requisite  for  the  reminder  of  past  discoveries.  The  progress  of  sys- 
tematic zoology  during  récent  years  has  been  in  accelerated  ratio, 
and  not  a  few  of  those  whose  achievements  hâve  helped  to  put 
zoologv  at  its  présent  level  are  m  Boston  to-day.  It  is  from  the 
summit  of  the  élévation  they  hâve  enableii  us  to  reach  that  we  look 
back  to  the  deeils  of  old  masters  and  can  détermine,  better  than  their 
contemporaries  or  immédiate  successorSj  their  relative  merits. 
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The  International  Code  of  Zoôlogical  Nomenclature,  in  common 
with  ail  previous  codes,  recognizes  four  conditions,  any  of  which, 
when  présent,  détermines  the  type  of  a  genus.    Thèse  are  : 

!..  A  genus  that  contained  only  one  species  when  founded  neces- 
sarily  takes  that  species  as  its  type.     (Type  by  monotypy.) 

2.  When  the  author,  at  the  time  of  founding  a  genus,  désignâtes 
a  species  as  its  type,  that  species  must  invariably  be  accepted  as  its 
type.     (Type  by  désignation.) 

3.  When  the  name  of  a  genus  is  the  same  as  that  of  one  of  its 
species,  or  the  same  as  a  synonym  of  one  of  its  species,  that  species 
must  be  accepted  as  the  type.     (Type  by  tautonymy.) 

4.  When  the  type  is  not  fixed  by  one  or  the  other  of  thèse  three 
universally  accepted  rules,  and  an  author,  either  the  original  author 
or  some  other,  subsequently  sélects  one  of  the  original  species  as  the 
type  of  the  genus,  the  first  species  so  designated  must  be  recognized 
as  the  type.     (Type  by  revision.-) 

There  are  at  présent  apparently  very  few  gênera  the  types  of 
which  hâve  not  already  been  determined  by  one  or  the  other  of  thèse 
four  methods,  the  number  of  gênera  whose  types  are  in  abeyance 
being  relatively  very  small.  This  gênerai  statement  is  based  on  a 
critical  examination  of  the  gênera  of  the  bird  fauna  of  North  America, 
over  four  hundred  in  number,  and  on  a  gênerai  survey  of  the  bird 
gênera  of  the  world. 

This  examination  has  shown  (1)  that  about  one-half  of  the  avian 
gênera  were  originally  founded  on  a  single  species;  (2)  that  about 
one-tenth  had  the  type  designated  by  the  founder;  (3)  that  the  type 
for  another  tenth  is  determinable  by  the  rule  of  tautonymy.  Thus 
seven-tenths  of  ail  the  bird  gênera  of  North  America,  and  probably 
of  the  world,  are  unequivocally  —  we  might  almost  say  automati- 
cally  —  determined  by  rules  of  practically  universal  acceptance.  This 
leaves  only  three-tenths  to  be  determined  by  the  above-stated  rule 

»  Presented  before  the  Section  on  Systematic  Zoology  and  referred  to  the 
International  Commission  on  Zoôlogical  Nomenclature. 

-  "  Tj-pe  by  subséquent  désignation,"  as  expressed  in  the  new  Article  30  of 
the  International  Code,  adopted  since  this  paper  was  written.  —  J.  A.  A. 
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four.  Doubtless  thèse  proportions  hold  good  in  respect  to  other 
classes  in  zoôlogy. 

To  State  the  matter  in  another  way,  the  types  of  this  three-tenths 
residue  of  originally  typeless  gênera  dépend  upon  the  action  of  a 
first  reviser,  or  upon  the  method  commonly  known  as  ehmination. 
Thèse  two  processes  are  so  intimately  interrelated  that  they  are  often 
inséparable  and  really  constitute  but  a  single  method. 

The  International  Code  of  Zoôlogical  Nomenclature  provides  in 
Article  30:  "If  the  original  type  of  a  genus  was  not  indicated,  the 
author  who  first  subdivides  the  genus  may  apply  the  name  of  the 
original  genus  to  such  restricted  genus  or  subgenus  as  may  be  ad- 
visable,  and  such  assignment  is  not  subject  to  subséquent  change." 
The  same  article  further  provides  :  "If  the  original  genus  has  already 
been  divided  without  désignation  of  type,  the  type  should  be  re- 
stricted by  élimination,  namely,  by  successively  rejecting  ail  the 
species  that  hâve  already  been  transferred  to  other  gênera;  the  type 
is  then  selected  from  the  species  which  remain."  Thèse  provisions 
are  simply  the  application  of  the  rule  of  priori ty  to  the  dismember- 
ment  of  polytypic  gênera.  They  date  back  as  formai  rules  to  the 
British  Association  Code  of  1842,  and  hâve  thus  received  the  sanc- 
tion of  gênerai  usage  for  more  than  half  a  century,  Consequently 
the  types  of  a  very  large  number  of  gênera  in  ail  departments  of 
zoôlogy  hâve  been  determined  by  them. 

Of  late,  in  certain  quarters,  objection  has  been  made  to  them 
that  they  are  difficult  of  application  and  lead  to  uncertain  results; 
that  différent  authors  often  reach  différent  conclusions  from  the  same 
premises;  and  that  the  amount  of  research  involved  is  very  great, 
requiring  the  expenditure  of  much  valuable  time.  As  far  as  my  own 
expérience  goes,  the  détermination  of  types  by  so-called  élimination 
is  not  often  difficult  nor  very  time-taking,  except  in  the  case  of  some 
of  the  large  gênera  of  the  earlier  authors.  To  take  up  such  gênera 
off-hand  is  truly  a  serious  undertaking,  but  in  monographie  work, 
where  a  thorough  knowledge  of  the  literature  of  the  subject  is  a 
prime  requisite  of  sound  results,  the  bibliographie  data  are  at  hand, 
being  brought  together  for  other  use,  so  that  the  extra  time  and  labor 
required  for  working  out  types  is  practically  trifling.  The  compli- 
cations, when  they  arise,  are  taxonomic  rather  than  nomenclatural, 
and  arise  from  the  uncertainty  of  rank  of  groups  that  some  authors 
hâve  recognized  as  gênera,  others  as  subgenera,  and  others  as  of  no 
value  whatever.  Where,  in  one's  own  opinion,  the  value  of  a  group 
is  clearly  defined,  he  will  rarely  hâve  any  difficulty  whatever  in 
deciding  what  species  is  its  proper  type. 

In  order  to  provide  an  easy  method,  invariable  in  results,  for  the 
détermination  of  the  three-tenths  residue  of  originally  typeless  gênera, 
it  has  recently  been  proposed  to  adopt  a  fîrst-species  rule,  under 
which  the  first  species  of  ail  such  gênera  must  invariably  be  taken 
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as  the  type  of  the  genus.  The  reasons  given  for  such  an  iconoclastic 
innovation  are,  briefly,  the  following:  (1)  The  ease  with  which  it 
may  be  appHed,  it  being  claimed  that  it  is  necessary  to  refer  only 
to  the  original  description  of  a  genus  to  find  what  species  must  be 
taken  as  the  type.  (2)  The  absohite  uniformity  of  results,  nothing 
being  left  to  personal  opinion.  (3)  The  question  of  type  being  settled 
independendy  for  each  genus,  the  resuit  does  not  dépend  upon  the 
fixing  of  the  type  for  some  other  genus.  (4)  The  types,  as  now  cur- 
rently  accepted,  of  many  of  the  gênera  that  would  corne  undcr  this 
rule,  it  also  is  claimed,  must  be  changed  in  any  eyent,  so  that  the 
adoption  of  a  first-species  rule  would  require  no  more  changes  than 
would  resuit  from  a  proper  enforcement  of  the  so-called  principle  of 
ehmination.  (5)  As  about  75  per  cent,  of  this  three-tenths  residue 
already  haye  the  first  species  as  the  type,  only  about  25  per  cent,  of 
them  would  be  subject  to  a  change  of  type,  or  only  about  one-tenth 
of  the  total  number  of  extant  gênera.  The  inference,  drawn  from 
this,  is  that  a  first-species  rule  lias  heretofore  been  quite  generally 
followed,  consciously  or  unconsciously,  the  claim  being  made  that 
"élimination  has  neyer  been  practised  in  Europe  and  does  not  seem 
to  be  understood  by  foreign  writers,"  who,  "in  the  yast  majority 
of  cases,"  take  the  first  species  as  the  type. 

I  shall  attempt  to  show  that  thèse  arguments  are  illusory  and 
inyalid,  being  based  on  an  erroneous  conception  of  the  facts. 

I  may  premise  by  saying,  that  for  the  last  thirty  years  or  more  I 
hâve  taken  great  interest  in  ail  questions  of  nomenclature,  and  hâve 
found  that  the  détermination  of  génotypes  under  rules  so  long  cur- 
rently  accepted  has  not  been  either  difficult  or  unsatisfactory,  and  that 
the  time  expended  in  such  work  has  been  richly  remunerative  along 
other  lines,  since  it  nécessitâtes  bibliographie  research  and  brings  to 
light  many  facts  in  relation  to  the  work  of  our  predecessors  that 
would  otherwise  be  overlooked.  Since  the  proposai  of  a  first-species 
rule,  my  interest  in  the  détermination  of  generic  types  has  been  greatly 
stimulated.  From  previous  knowledge  of  the  gênerai  subject  I  was 
convinced  that  the  adoption  of  such  a  rule  would  resuit  in  overturn- 
ing  the  names  of  many  prominent  and  well-known  gênera  whose 
status,  as  determined  by  hitherto  currently  accepted  rules,  has  re- 
mained  without  change  for  générations.  Indeed,  in  order  to  set 
bounds  to  the  disastrous  overthrow  that  would  obviously  resuit 
from  the  unrestricted  enforcement  of  the  proposed  new  rule,  its 
promoters  hâve  volunteered  to  exempt  from  its  action  ail  Linnsean 
gênera,  fuUy  one-third  of  which  hâve  some  other  than  the  first  spe- 
cies as  the  type.  But  no  exemption  is  offered  for  the  hundreds  of 
other  gênera,  equally  as  well  established  with  some  other  than  the 
first  species  as  type,  proposed  by  later  authors. 

The  objections  to  the  proposed  first-species  rule  are  numerous 
and  grave,   too  numerous  for  proper  considération  in  the  présent 
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connection.  In  the  first  place,  the  arguments  advanced  in  its  support 
are  specious  and  misleading.  For  instance:  (1)  Its  application  is 
not  so  easy  and  certain  as  is  claimed,  since  it  many  times  happens 
that  several  gênera,  founded  at  widely  différent  dates,  hâve  the 
same  first  species,  and  it  thus  becomes  necessary  to  consult  more 
than  a  single  référence  to  ascertain  which  of  thèse  several  gênera  is 
entitled  to  récognition. 

(2)  It  sometimes  happens  that  the  first  species  is  unrecognizable, 
in  which  case  the  genus  falls,  being  indéterminable,  although  other- 
wise  unchallengeable.  If  the  first  species  that  seems  satisfactorily 
determinable  is  to  be  taken  as  the  type,  the  élément  of  personal 
opinion  at  once  enters  the  problem. 

(3)  An  objection  to  élimination  lias  been  based  on  the  assumption 
that  the  discovery  of  an  error  in  the  date  of  a  publication  would 
affect  not  only  ail  the  gênera  therein  described  but  every  opération 
of  élimination  involving  thèse  gênera,  and  not  only  thèse  but  other 
gênera;  whereas  under  the  first-species  rule  "an  error  in  the  usually 
accepted  date  of  a  publication  has  no  l)earing  on  the  types  of  gênera." 
Theoretically  this  assumed  objection  to  élimination  appears  to  hâve 
some  importance;  actual  expérience,  however,  proves  it  to  be  neg- 
ligible,  since  in  twelve  such  instances  recently  discovered  among  North 
American  bird  gênera,  the  type  remains  unaffected  in  eleven  of  them 
and  falls  on  a  congeneric  species  in  the  other  case,  leaving  the  whole 
twelve  names  unchanged. 

(4)  The  first-species  rule  is  a  needless  and  destructive  innovation. 
The  types  of  ail  the  gênera  that  would  come  under  it  hâve  already 
been  determined,  or  are  determinable,  by  the  action  of  some  first 
reviser,  working  under  rules  that  hâve  been  commonly  recognized 
for  over  half  a  century,  thèse  rules  including  the  provision  for  deter- 
mining  types  by  so-called  élimination.  The  first-species  rule  abso- 
lutely  ignores  ail  the  work  of  the  présent  and  previous  générations 
on  thèse  lines.  To  show  the  extent  and  character  of  the  changes 
that  would  resuit  from  its  adoption  I  am  al)le  to  présent  a  few  state- 
ments  based  on  a  critical  examination  of  the  four  hundred  or  more 
commonly  accepted  gênera  of  North  American  birds,  the  types  of 
which  were  carefully  determined  by  a  committee  of  experts  in  1SS6. 
It  having  recently  been  claimed,  in  behalf  of  the  adoption  of  the  first- 
species  rule,  that  many  of  thèse  type  déterminations  were  erroneous,  I 
hâve  taken  up  their  redetermination  de  nova,  that  is,  independently 
of  any  previous  détermination.  Taking  the  second  édition  of 
the  American  Ornithologists'  Union  Check-List  of  North  American 
Birds  and  its  suppléments  as  a  basis  of  comparison,  I  find  not  one 
absolutely  erroneous  type  détermination  on  the  basis  of  élimination  ; 
there  are  two  or  three  others  where  the  case  is  complicated  with 
taxonomic  questions,  a  lapse  of  twenty  years  having  changed  the 
point  of  view,  so  that  the  différence  in  results  cannot  be  attributed 
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solely  to  élimination.  On  the  other  hand  eighteen  changes  are 
necessary  under  the  strict  application  of  the  first-species  rule,  ail  of 
which  are  tenable  beyond  question  from  any  other  point  of  view. 
Some  of  thèse  changes  are  transpositions  of  long  familiar  names  to 
entirely  new  associations,  in  other  cases  familiar  names  are  reduced 
to  synonymy  and  replaced  by  wholly  new  ones. 

(5)  During  the  last  five  or  six  years  varions  long-forgotten  works 
or  overlooked  références  hâve  come  to  light  which  afîect  the  gcneric 
names  of  Xorth  American  birds;  as  already  said,  twelve  are  carried 
back  to  earlier  dates  without  affecting  their  types  or  the  types  of 
any  other  gênera;  eleven  are  replaced  by  others  under  the  rule  of 
priority;  three  are  replaced  under  the  rule  of  tautonymy;  five  hâve 
been  found  to  be  preoccupied,  and  four  hâve  been  replaced  be- 
cause  used  in  a  wrong  sensé.  This  makes  twenty-three  generic 
changes  due  to  the  enforcement  of  the  commonly  accepted  rules  of 
nomenclature. 

(6)  If  the  first-species  rule  be  enforced  for  only  the  non-Linnœan 
gênera,  eighteen  more  generic  changes  will  hâve  to  be  added  to  thèse 
twenty-three,  which  are  wholly  superfluous,  because  otherwise  un- 
called  for.  If  the  Linnœan  gênera  were  to  be  included,  eighteen 
additional  generic  changes  would  be  necessary  under  the  first-species 
rule,  or  thirty-six  in  ail,  as  against  twenty-three  from  aU  other  causes, 
of  which  only  one  to  three,  according  to  the  point  of  view,  can  be 
assigned  to  the  erroneous  détermination  of  types  by  élimination.  Is 
it  worth  while  to  introduce  a  new  rule,  so  prolific  of  needless  and  con- 
fusing  changes,  for  the  alleged  advantage  of  saving  labor  and  time  ? 
Would  not  the  friction  and  annoyance  of  the  entailed  changes  in 
nomenclature,  and  the  labor  of  adjusting  long-familiar  conditions  to 
the  proposed  new  régime,  more  than  ofl^set  ail  the  advantages  claimed 
for  the  new  rule,  even  granting  that  thèse  claims  are  valid  ? 

(7)  It  is  claimed  that  élimination,  even  in  the  best  of  hands, 
will  not  give  uniform  results,  and  that  the  method  is  too  compli- 
cated  for  gênerai  use,  while  the  first-species  rule,  it  is  said,  can  give 
but  one  resuit  and  can  be  practised  by  any  one.  INIy  own  récent 
expérience  with  four  hundred  bird  gênera  leads  to  a  différent  conclu- 
sion, for  my  own  results  agrée  within  a  fraction  of  one  per  cent  with 
the  A.  O.  U.  Check-List  and  with  Ridgway's  récent  déterminations  in 
his  Birds  of  North  and  Middle  America,  and  equally  well  with  the 
type  déterminations  of  the  British  Muséum  Catalogue  of  Birds, 
where  the  groups  are  taxonomically  the  same,  and  where  the  starting- 
point  is  not  in  conflict  through  beginning  with  the  tenth  instead 
of  the  twelfth  édition  of  Linnteus's  Systema  Naturae.  The  method 
of  élimination  is  well  enough  defined  in  Article  30  of  the  "  International 
Code,"  already  quoted,  for  properly  equipped  nomenclators,  but  it 
might  well  be  further  elaborated  and  illustrated  for  the  benefit  of 
the  less  experienced. 
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(8)  The  first-species  rule  ignores  and  throws  ont  of  considéra- 
tion ail  type  déterminations  made  by  the  first  reviser.  The  impor- 
tance of  this  objection  is  doubtless  not  generally  appreciated,  and 
may  be  illustrated  by  an  example  of  the  influence  of  the  first  reviser 
in  the  détermination  of  the  génotypes  now  currently  accepted  in 
ornithology.  In  1840,  George  Robert  Gray,  of  the  British  INIuseum, 
published  a  List  of  the  Gênera  and  Suhgenera  of  Birds,  with  addi- 
tions in  1841,  and  new  éditions  in  1842  and  1855.  In  the  1855  édi- 
tion he  recognized  2403  gênera,  for  each  of  which  he  designated  a 
type.  Taking  Xorth  xA.merican  gênera  of  birds  again  as  an  illus- 
tration, it  is  found  that  212  of  the  430  involved  in  the  examination 
were  monotypic  when  founded,  that  32  had  their  types  designated  by 
the  founder,  and  that  the  types  of  57  are  determined  by  tautonymy, 
leaving  129  that  were  originally  typeless.  Twelve  of  thèse  were 
proposed  subséquent  to  Gray's  last  édition,  and  many  others  he  did 
not  see  fît  to  recognize.  For  90  of  them,  however,  he  designated 
types,  nearly  ail  of  which  are  the  types  recognized  to-day  for  thèse 
90  gênera.  Gray's  first  list,  published  in  1840,  preceded  the  pro- 
mulgation of  the  "  British  Association  Code,"  and  he  was  thus  guided 
not  only  in  his  sélection  of  types,  but  in  respect  to  rules  of  nomen- 
clature, only  by  his  own  sensé  of  the  fitness  of  things.  Where  the 
types  he  designated,  taking  the  bird  gênera  at  large,  are  not  the 
types  now  recognized,  it  generally  turns  out  that  he  either  selected  a 
species  that  was  not  originally  included  in  the  genus,  or  that  he 
took  his  genus  from  some  pre-Linnsean  author  or  other  untenable 
source. 

Gray  has  often  been  cited  as  a  first-species  man.  In  the  case  of 
thèse  90  gênera  he  chose  the  first  species  in  65  cases,  and  some  other 
species  in  25  cases,  although  in  9  of  the  latter  the  first  species  was 
available  at  the  time  he  assigned  a  type.  Of  the  65  cases  in  which  he 
chose  the  first  species  as  the  type,  the  first  species  was  the  only  one 
then  available  in  30  cases,  while  in  24  other  cases  either  ail  of  the 
original  species  were  congeneric,  or  ail  then  left  in  the  genus  were 
congeneric,  leaving  the  way  open  for  him  to  sélect  the  first  species 
as  the  type  without  doing  violence  to  the  original  author's  intentions. 
That  Gray  was  not  a  hard-and-fast  first-species  man,  like  the  présent 
supporters  of  a  first-species  rule,  is  évident  from  his  attitude  toward  the 
work  of  his  predecessors,  since  he  refrained  from  taking  the  first 
species  as  a  génotype  when  it  had  already  been  made  the  type  of 
some  other  genus.  He  also  recognized  the  principle  of  tautonymy 
in  selccting  types,  consistently  designating  tautonymic  species  as 
types  when  such  were  available.  Another  noteworthy  fact  in  connec- 
tion with  his  work  as  a  first  reviser  is  the  respect  shown  for  his  type 
désignations  by  subséquent  authors,  by  whom  they  hâve  been  almost 
invariably  accepted  unless  designated  in  violation  of  the  principles 
of  the  British  Association  Code,  which,  as  already  said,   had   no 
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existence  till  after  the  first  three  éditions  of  his  catalogue  of  the 
gênera  and  subgenera  of  birds  had  been  published. 

As  is  well  known,  other  departmcnts  of  zoôlogy  hâve  had  their 
first  revisers  who  hâve  conipiled  Hsts  of  gênera  and  designated  types 
much  after  the  phm  of  G.  U.  Gray  in  ornitliology.  Is  it  worth  while 
to  ignore  ail  such  work  for  the  sake  of  bringing  in  an  iconoclastic 
first-species  rule,  which  has  not  only  never  had  place  in  any  previous 
code  of  nomenclature,  but  contravenes  fundamental  rules  that  hâve 
formed  part  of  every  previous  code  from  the  "  B.  A.  Code  "  of  1842 
down  to  the  "  International  Code"  of  1905? 

Many  claims  hâve  been  put  forth  in  support  of  the  proposed 
first-species  rule  that  lack  of  time  renders  it  impossible  hère  to  notice, 
among  them  a  claim  that  American  botanists  hâve  already  adopted 
a  first-species  rule,  and  that  a  first-species  rule  is  inevitably  to  become 
one  of  the  corner-stones  of  ail  future  codes.  As  to  the  first  claim, 
the  recently  issued  revised  "American  Code  of  Botanical  Nomen- 
clature," published  in  April  of  the  présent  year  (1907),  is  sufficient 
answer,  where  a  first  species,  as  such,  has  no  more  eligibility  as  a 
génotype  than  any  other  species,  eligibility  depending  entirely  on 
other  conditions.  As  to  the  second  claim,  a  first-species  rule  may 
find  favor  at  certain  localities,  or  with  certain  authors,  but  if  it  is 
ever  adopted  as  à  part  of  our  "International  Code  of  Zoôlogy,"  the 
date  of  that  event  is  evidently  far  in  the  future. 


UEBER  EIN  PAAR  INTERESSANTE  PROTOZOENFORMEN 
AUS  DEM  ATLANTISCHEN  OCEAN  UND  EINEN  NEUEN 
KERNTEILUNGSMODUS  BEI  RADIOLARIEN 

(Abstract) 
A.    BORGERT 

Der  Vortrag  behandelt  die  neuen  Tripylen-Gattungen  Halo- 
cella,  Lobocella  imd  Cornucella,  die  mit  dem  Genus  Atlanticella  in 
der  Familie  der  Atlanticellidae  zu  vereinigen  sind.  Eine  ausfûhr- 
lichere  Beschreibung  wird  erscheinen  im  Archiv  fur  Protistenkunde, 
Bd.  1907,  p.  430  fî. 

Ausserdem  wird  iiber  eine  bei  Aulacantha  scolymantha  beobachtete 
neue  Art  der  Kernteilung  berichtet,  fur  welche  die  Ausbildung  eines 
Hohlraumes  im  Innern  des  Kernes  und  die  Entwicklung  einer  dem 
Hohlraum  durchsetzenden  doppelten  Scheidewand  charakteristisch 
ist  die  Trennung  der  Kernhalsten  erfolgt  in  der  Ebene  zwischen  den 
beiden  Scheidewânden.  Die  vorbereitenden  Phasen  sind  die  gleichen 
wie  bei  der  regularen  mitotischen  Zweiteilung  und  es  bleibt  auch  bis 
zur  vollstândigen  Trennung  der  Tochterkerne  die  Fadenstructur 
des  Chromatins  erhalten.  Die  Abzweigung  der  in  Rede  stehenden 
Teilungsstadien  von  denen  der  mitotischen  Reihe  erfolgt  auf  einem  der 
Zusammenlagerung  der  Chromosomen  zur  Aequatorialplatte  vorauf- 
gelienden  Stadium,  in  welchem  der  Kern  von  annahernd  linsen- 
fôrmiger  Gestalt  ist.  Bezûglich  aller  weiteren  Einzelheiten  sei  auf 
dies  in  Vorbereitung  befindlichen  zweiten  Theil  der  Untersuchungen 
ùber  die  Fortpflanzung  der  tripyleen  Radiolarien  verwiesen. 


THE  GENERA  CORYNITIS,  GEMMARIA,  AND  ZANCLEA 

CHAS.  W.  IL\RGITT 

For  some  years  the  author  of  this  communication  has  been  aware 
of  more  or  less  confusion  concerning  the  exact  définition  and  char- 
acterization  of  the  above-named  gênera.  Froni  material  which  has 
recently  come  into  my  possession,  and  upon  a  careful  review  of  the 
literature,  especially  McCrady's  original  descriptions,  I  believe  it  is 
now  quite  possible  to  clear  up,  once  for  ail,  most  of  the  existing  am- 
biguity  and  uncertainty. 

In  a  récent  paper  Biol.  Bull.,  14,  p.  100,  1907,  figures  and  détails 
are  submitted  which  need  not  be  hère  repeated.  It  is  the  purpose  of 
this  paper  to  merely  call  attention  to  the  more  important  points,  and 
summarize  conclusions. 

Corynitis.  — This  genus  was  instituted  by  McCrady  for  a  hydroid 
and  médusa  described  by  him  from  Charleston  Harbor  (Proc.  Elliott 
Soc.  Ncd.  Hist.,  l,p.  131),  and  named  in  honor  of  Professor  Agassiz 
Corynitis  agassizii.  Notwithstanding  the  fairly  full  description, 
especially  of  the  médusa,  a  most  remarkable  confusion  has  crept 
into  the  literature  in  respect  to  the  supposed  relations  of  the  species. 

About  the  time  that  McCrady  described  his  species  Agassiz  also 
described  a  new  hydroid  which  he  designated  as  Halocharis  spiralis. 
{Con.  Nat.  Hist,  4c,  p.  239.)  For  some  unaccountable  reason  he 
subsequently  came  to  regard  this  species  as  identical  with  Mc- 
Crady's Corynitis  agassizii,  and  on  page  340  (op.  cit.),  gives  priority 
to  the  latter  name,  ranking  his  Halocharis  as  a  synonym.  That  this 
was  not  a  mère  oversight  or  clérical  error  is  évident  in  that  on  page 
344  he  recognizes  McCrady's  Zanclea  gemmosa  as  quite  distinct 
from  Halocharis,  and  this  error  is  perpetuated  by  A.  Agassiz  in 
A^.  Am.  Ac,  p.  183.  Thèse  errors  hâve  continued  throughout  the 
literature  up  to  the  présent  time,  though,  as  will  be  shown,  it 
has  later  come  to  be  known  definitely  that  the  médusa  which  ]Mc- 
Crady  described  as  Zanclea  gemmosa,  or  rather  Gemmaria  gemmosa, 
is  liberated  from  a  hydroid  resembling  Agassiz's  Halocharis,  indeed 
almost  certainly  identical  with  it. 

That  Murbach,  who  first  observed  the  libération  of  this  médusa, 
was  correct  in  identifying  it  with  McCrady's  Gemmaria  gemmosa  1 
hâve  abundantly  satisfied  myself  by  similar  observations  at  varions 
times  since.  But  he  is  clearly  in  error  in  attempting  to  identify  it 
with  McCrady's  Corynitis,  due,  no  doubt,  to  the  earlier  error  of 
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Agassiz,  as  already  pointed  out.  Murbach  is  also  in  error  in  attempting 
to  distinguish  a  generic  différence  between  Agassiz's  Halocharis  and 
the  Gemmaria  of  European  writers,  as  I  hâve  elsewhere  pointed  out 
{Mitt.  Zool.  Sta.  Neapel,  16,  pp.  574-577, 1904;  Medusœ  of  Woods 
H  oie,  p.  41,  1904). 

In  the  summer  of  1904  the  writer  described  an  apparently  new 
species  of  hydroid  froni  Long  Island  Sound,  namely,  Syncoryne 
linvillei  (BioL  Bull.,  7,  p.  351,  1904).  Not  having  access  at  the  time  to 
McCrady's  monograph,  and  with  the  current  confusion  above  referred 
to  still  more  or  less  dominant,  the  détails  of  McCrady's  description 
of  Corynitis  were  wholly  overlooked.  A  more  récent  and  critical 
examination  of  this  has  clearly  convinced  me  that  the  hydroid  in 
question  is  quite  identical  in  its  generic  relations  with  Corynitis,  and 
should  be  so  ranked  hereafter.  Whether  it  is  specifically  the  same  as 
C.  agassizii  must  remain  more  or  less  uncertain,  at  least  till  it  may  be 
possible  to  hâve  spécimens  of  the  medusjie  for  comparison,  thèse 
having  been  lacking  in  the  material  from  which  my  description  was 
drawn. 

That  there  may  be  no  doubt  whatsoever  as  to  the  facts  concerned, 
or  of  the  confusion  alluded  to,  it  seems  worth  while  to  include  a  sum- 
mary  of  McCrady's  descriptions. 

Concerning  the  hydroid,  the  description  is  rather  inadéquate  and 
indefinite.  "The  larva  is  a  coryne  with  a  short,  thick  p©lyp  and  few 
tentacula.  The  medusa-buds  borne  in  the  usual  position,  and  the 
peculiar  character  of  the  tentaculiferous  bell-margin  is  conspicuous 
at  an  early  âge."  Of  the  habitat  of  the  hydroid  he  says,  "The  coryne 
which  bears  this  médusa  is  rather  rare,  as  is  also  the  médusa.  It  is 
found  growing  on  sponges  a  little  above  dead  low  water  mark.  It  has 
been  found  during  the  summer  months,  and  whether  or  not  it  exists 
during  the  winter  (as  in  ail  probability  it  does),  has  not  been  ascer- 
tained.  A  young  bitentaculate,  but  free  médusa,  has  been  found  as 
early  as  the  fifth  of  June.  A  fully  developed  spécimen  has  occurred 
in  the  end  of  July,  while  as  late  as  the  twelfth  of  September  buds 
wTre  still  produced  from  the  coryne,  figures  6,  7,  and  8  having  been 
drawn  at  this  date.  This  leads  me  to  say  that  I  hâve  not  seen  the 
actual  séparation  of  a  bud  from  the  hydroid,  and  its  assumption  of 
the  form  of  figure  5.  My  confidence  that  they  are  one  and  the  same 
is  due  to  the  very  marked  and  almdst  unmistakable  peculiarities  of 
the  médusa,  which  are  fairly  exhibited  in  the  buds  while  attached  to 
their  hydra." 

As  will  be  seen,  there  is  little  hère  from  which  one  might  attempt 
to  identify  the  hydroid.  Aside  from  the  fact  that  it  is  désigna ted  as  a 
corynid,  and  that  it  has  a  short  thick  hydranth  with  few  tentacles, 
the  medusa-buds  in  the  "usual  position,"  no  morphological  features 
are  given.  The  habitat  and  association  with  the  sponge  are  inter- 
esting  facts,  but  without  taxonomic  significance. 
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Gemmaria  and  Zanclea.  —  Attention  lias  been  directed  to  the 
confusion  of  McCrady's  Gemmaria  with  his  very  différent  genus 
Corynitis.  A  similar  confusion  lias  also  hcen  more  or  less  current  as 
to  the  relations  of  Gemmaria  and  Zanclea.  The  latter  was  insti- 
tuted  by  Gegenbaur  for  a  médusa  found  at  Messina,  and  recognized 
by  INIcCrady  as  liaving  certain  points  of  similarity  to  his  doubtful 
Gemmaria,  which  lie  believed,  however,  to  be  quite  generically 
distinct  from  Zanclea. 

Having  taken  a  médusa  at  Woods  Hole  during  several  years, 
which  is  now  well  known  as  identical  with  ^McCrady's  (xemmaria, 
and  having  kept  thèse  medusœ  at  varions  times  and  for  considérable 
periods  in  the  laboratory,  I  am  convinced  that  they  are  generically 
différent  from  Zanclea.  Briefîy  diagnosed,  Zanclea  was  described 
by  Gegenbaur  as  having  four  short  oral  lobes,  four  marginal  canals 
and  the  sarae  number  of  marginal  tentacles,  the  latter  with  numerous 
secondary  appendages  (Anhangen). 

In  at  least  two  important  aspects  tliere  are  important  différences 
in  Gemmaria,  namely,  the  mouth  is  not  marked  by  any  distinguish- 
able  lobes  or  lips  ;  and  second,  there  are  only  two  marginal  tentacles. 
Thèse  latter  do  not  increase  in  number  with  âge,  so  far  as  one  may 
judge  by  having  them  long  under  observation.  This  is  likewise  true 
of  Gemmaria  implexa,  taken  by  the  writer  at  Naples,  and  described 
briefly  in  a  paper  in  the  Naples  Mittheilungen  (16,  p.  574,  1904). 

It  would  seem  therefore  that  the  genus  Gemmaria  of  McCrady 
must  be  recognized  as  founded  on  thoroughly  good  characters,  and 
that  it  is  quite  distinct  from  Zanclea  of  Gegenbaur.  Hence  we  must 
also  accept  McCrady's  G.  gemmosa  as  a  distinct  species,  and  this 
name  must  entirely  supplant  that  of  Corynitis  agassizii,  as  pointed 
out  in  the  preceding  section. 

In  a  récent  admirable  paper,  "  Craspedote  Medusen,  Codoniden, 
und  Cladoneniiden,"  Hartlaub  lias  discussed  in  some  détail  certain 
points  as  to  Gemmaria  and  Zanclea.  With  most  of  Hartlaub's  views 
the  foregoing  will  be  found  to  substantially  agrée.  Concerning  his 
contention  as  to  the  identity  of  the  gênera  Zanclea  and  Gemmaria  of 
Gegenbaur  and  ^McCrady  I  should  hâve  to  dissent,  at  any  rate  till 
such  time  as  there  may  be  presented  more  convincing  évidence  than 
is  at  présent  available. 

Incidentally  it  may  be  noted  that,  not  only  was  McCrady  strongly 
impressed  with  the  generic  distinctness  of  Gemmaria,  but  subséquent 
students  of  thèse  gênera,  notably  A.  Agassiz  and  Haeckel,  hâve  un- 
hesitatingly  recognized  the  validity  of  McCrady's  genus.  Agassiz, 
who  was  familiar  with  G.  gemmosa,  has  described  an  additional 
species,  G.  cladophora,  and  in  a  comparison  of  Gemmaria  and  Zan- 
clea says,  "The  form  of  the  bell,  of  the  digestive  cavity  and  of  the  ten- 
tacles are  whoUy  différent  in  the  two  gênera"  (N.  Am.  AcaL,  p.  185). 

Haeckel,  after  citing  Gegenbaur's  diagnosis  of  Zanclea,  présents 
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thèse  further  points:  "To  this  diagnosis  is  to  be  added  the  foUowîng: 
that  in  the  exumbrella  oecur  four  perradial  nettle-rows,  that  the 
gonads  form  four  simple  perradial  pouches  in  the  wall  of  the  stomach, 
and  that  the  cavity  just  above  the  stomach  is  lacking,  which  distin- 
guishes  the  nearly  related  Pteronema.  The  four  perradial  tentacles 
are  so  covered  with  stalked  nettling  buds  that  they  appear  feathered." 

He  further  adds:  "Up  to  the  présent  the  genus  Zanclea  has  been 
represented  only  by  a  Mediterranean  species,  Z.  costata  from  Messina. 
Agassiz  added  to  this  two  other  species,  Z.  ambigua  and  Z.  geimnosa. 
Of  thèse,  however,  the  first  is  to  be  placed  under  Pteronema,  the 
latter  under  Gemmaria."     {Das  Syst.  der  Medusen,  p.  102.) 

Haeckel  therefore  recognized  without  hésitation  the  évident  dis- 
tinctness  of  the  genus  Gemmaria,  and  has  himself  described  a  new 
species  under  it,  namely,  G.  sagittata. 

In  Hartlaub's  revised  définition  of  the  genus  Zanclea  he  has  natu- 
rally  modified  and  enlarged  that  of  Gegenbaur  in  order  to  include 
under  it  medusœ  hitherto  described  under  the  generic  eharacters  of 
Gemmaria. 

To  the  présent  writer  this  seems  likely  to  resuit  in  "confusion 
worse  confounded."  As  a  matter  of  fact  there  must  remain  more  or 
less  uncertainty  as  to  the  actual  relations  of  Gegenbaur's  genus  till 
the  ontogeny  of  the  médusa  is  clearly  established.  On  the  basis  of 
the  original  description  it  is  unmistakably  distinct  from  Gemmaria. 
The  statement  by  Browne  that  the  G.  implexa  of  the  Firth  of  Clyde 
may  hâve  two  or  four  tentacles  is  an  inference  rather  than  a  fact, 
the  four  tentacled  spécimens  not  having  been  traced  directly  to  the 
hydroid  from  which  they  came.  And  until  this  is  actually  donc,  espe- 
cially  in  the  case  of  Zanctea  costata,  any  attempt  to  reconstruct  gênera 
is  prématuré  and  unwarranted. 


SUR  UNE  NOUVELLE  FAMILLE  DE  PENNATULIDES 
(SCYTALIOPSIDAE) 

CH.    GRAVIER 

A  Djibouti,  tout  près  et  à  l'Ouest  de  la  Résidence  du  Gouver- 
neur de  la  Côte  française  des  Somalis  (Afrique  orientale),  s'étend 
une  vaste  bordure  de  sable  vaseux  qui  découvre  à  toutes  les  marées 
basses  et  qui  contient  des  débris  de  polypes  coralliaires  morts  prove- 
nant sans  doute  des  récifs  qui  se  sont  développés  jadis  sur  le  même 
emplacement.  Dans  ces  sables  où  l'on  trouve  toute  une  faune  variée 
de  Mollusques,  d'Annélides  polychètes,  de  Némertiens,  etc.,  j'ai 
recueilli  en  1904  le  Pennatulide  qui  fait  l'objet  de  cette  note.  A  mer 
basse,  ce  Cœlentéré  se  tient  toujours  enfoncé  verticalement  dans  le 
sol,  le  pédoncule  en  bas  ;  l'extrémité  supérieure  est  située  à  une  dizaine 
de  centimètres  et  quelquefois  plus  de  la  surface.  A  mer  haute,  les 
individus  qui  vivent  le  plus  près  du  rivage  sont  recouverts  par  une 
couche  d'eau  qui  n'a  guère  qu'un  à  deux  mètres  d'épaisseur. 

Le  corps  de  ce  Pennatulide,  dont  les  plus  grands  exemplaires 
n'atteignent  guère  qu'une  dizaine  de  centimètres  de  longueur  est  con- 
stitué par  une  tigelle  rectiligne  grêle,  non  ramifiée  se  terminant  à  sa 
partie  inférieure  par  un  renflement  appelé  le  pédoncule  et  portant  laté- 
ralement les  polypes.  Ceux-ci  sont  groupés  au  nombre  de  cinq  au  plus 
en  lames  disposées  en  deux  séries  latérales  qui  ne  se  correspondent 
pas,  en  général,  tout  à  fait  au  même  niveau;  la  discordance  qui  est, 
d'ailleurs,  peu  marquée,  s'accentue  en  général  vers  l'extrémité  su- 
périeure. Ce  n'est  guère  que  dans  le  tiers  supérieur  qu'elles  prennent 
leur  plein  développement,  avec  leurs  cinq  polypes  juxtaposés;  au 
voisinage  du  sommet,  le  nombre  de  leurs  polypes  constituants  et,  par 
suite,  leur  largeur  diminuent  progressivement.  Dans  toute  cette  ré- 
gion, elles  sont  largement  séparées  les  unes  des  autres;  elles  ne  se 
recouvrent  en  aucune  façon,  comme  elles  le  font  chez  nombre  d'espèces 
de  Virgulaires.  La  saillie  formée  par  les  polypes  décroît  régulière- 
ment dans  la  seconde  moitié  du  corps,  à  mesure  qu'on  s'approche  du 
pédoncule  ;  elle  s'efface  complètement  à  la  limite  du  quart  inférieur  de 
l'animal.  Dans  cette  dernière  partie,  la  tige  polypifère  est  cylin- 
drique avec  de  fines  stries  longitudinales  à  la  surface;  elle  s'élargit 
notablement  vers  la  base  pour  former  le  pédoncule. 

Sur  la  face  dite  dorsale,  on  voit,  entre  deux  lames  consécutives  un 
seul  siphonozoïde  bien  développé  et  un  autre  plus  réduit,  extérieure- 
ment au  précédent.  Dans  leur  ensemble,  ces  siphonozoïdes  forment  de 
chaque  côté  deux  rangées  parallèles  à  l'axe  et  composées  chacune 
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d'autant  de  siphonozoïdes  qu'il  y  a  de  lames  polypifères.  Dans  la  par- 
tie inférieure  du  rachis,  les  siphonozoïdes  deviennent  indiscernables. 

Sur  la  face  ventrale,  on  observe  de  chaque  côté,  disposées  paral- 
lèlement les  unes  aux  autres,  très  serrées,  de  petites  taches  blanches 
transversales  qui  correspondent  à  autant  de  tubes  mettant  en 
communication  la  cavité  interne  (canal  ventral)  de  la  colonie  avec 
l'extérieur.  Ces  tubes  ne  s'étendent  pas  vers  le  pédoncule  aussi  loin 
que  les  premières  ébauches  des  polypes.  En  revanche,  vers  le  sommet, 
ils  dépassent  le  niveau  des  lames  polypifères. 

Avec  ses  lames  polypifères  de  petite  taille,  sans  armature  de  spi- 
cules  et  qui  se  continuent  vers  le  pédoncule  en  une  série  de  bourrelets 
portant  des  polypes  véritables,  le  Pennatulide  décrit  ci-dessus  rappelle 
le  t^-pe  des  Virgularidae  Kôlliker  et  peut-être  plus  particulièrement 
celui  du  genre  Scytalium  Herklots.^  Chez  ce  dernier,  en  effet,  dont 
la  forme  est  élancée,  le  pédoncule  n'est  pas  nettement  délimité  à  sa 
partie  supérieure  ;  les  polypes  logés  dans  des  pseudo-calices  distincts, 
sont  disposés  en  lames  triangulaires  insérées  obliquement  sur  le  rachis. 
Mais  celui  de  Djibouti  s'en  sépare  nettement  par  ses  lames  polypifères 
à  polypes  peu  nomljreux,  largement  séparées  les  unes  des  autres,  par 
la  section  circulaire  de  son  axe  qui  se  termine  au-dessus  du  pédoncule, 
par  l'absence  complète  de  spicuies,  par  ses  siphonozoïdes;  en  outre, 
dans  le  genre  Scytalium,  les  cellules  sexuelles  se  forment  dans  les 
polypes  bien  développés,  ici,  dans  les  polypes  jeunes,  en  voie  de 
lorraation,  de  la  base  du  rachis. 

Le  nombre  réduit  des  polypes  dans  chaque  lame,  celui  tout  aussi 
restreint  des  siphonozoïdes,  l'absence  de  spicuies  rapprochent  aussi  le 
Pennatulide  en  question  du  genre  Svava  Danielssen  et  Koren  ;  ^ 
mais  chez  ce  dernier,  les  polypes  sont  à  peine  soudés  à  la  base,  de  sorte 
que  Roule  ^  le  place  parmi  les  Junciformes,  à  côté  du  genre  Anthop- 
tilum  Kôlliker;^  de  plus,  les  polypes  de  Svava  sont  logés  dans  des 
calices  nettement  définis. 

Le  Pennatulide  du  golfe  de  Tadjourah  se  sépare  nettement  de  tous 
les  genres  actuellement  connus  de  la  tribu  du  même  nom.  En  raison  de 
sa  ressemblance  avec  le  genre  Scytalium,  j'ai  proposé  de  lui  donner 
le  nom  générique  de  Scytaliopsis  et  à  cause  de  son  lieu  de  provenance, 
le  nom  spécifique  de  djihoutiensis.^ 

1  Herklots,  Notice  'pour  servir  h  l'étude  des  Polypiers  nageurs  ou  Pennatvlides, 
1859. 

^  Danielssen  and  Koren,  The  Norwegian  North- Atlantic  Expédition,  1876-1878. 
Zoôlogy.     Pennatulida,  1SS4. 

^  Roule,  Une  nouvelle  famille  d'Anthoioaires,  Bull,  du  Muséum  d'Hist.  natur., 
12,  1906. 

^  KoUiker,  The  Voyage  of  H.  M.  S.  "Challenger;  "  Report  on  the  Pennatulida, 
31,  1880. 

^  Gravier,  Sur  un  type  nouveau  de  Virgulaire,  Bull,  du  Muséum  d'Hist. 
natur.,  12,  1906.  L'étude  anatomique  et  biologique  du  Scytaliopsis  djiboutien- 
sis  sera  publiée  prochainement  avec  celle  des  autres  Alcyonaires  que  j'ai  recueillis 
en  190-1  dans  le  golfe  de  Tadjourah,  dans  les  Archives  de  Zoologie  expérimentale  et 
générale. 
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Chez  les  Virifiilaridac  Kolliker,  les  lames  polypifènvs  eoinplète- 
ment  développées  sont  formées  d'un  noml)re  de  polypes  (|ui  s'al)aisse 
rarem(Mit  ù  ">  t't  (jui  dépasse  parfois  40.  Exceptionnellement,  la  l'ir- 
cpdurid  li/u>i(/m(nnii  Kolliker  ne  compte  que  4  ou  .")  polyjx's  à  clia(|ue 
lame;  mais  Kolliker  s'est  demandé  si  le  seul  fragmiMit  de  (iS  mm.  de 
longueur  (pi'il  a  examiné  n'était  j)as  une  forme  jeune  de  la  l'irt/u- 
laria  mirdbiH-i  \/,i\u.  qui  peut  avoir.'^.")  centimètres  an  inoinsdcdoiigueur. 
Dans  la  mê;ne  famill(%  les  hunes  sont,  en  général,  ra])proeh('es  l'une  do 
l'autre;  elles  s'imhricpuMit  et  s'entrecroisent  même  chez  certaines 
espèces.  Dans  la  forme  décrite  sonnnairement  ci-dessus,  les  lames 
restent  fort  distinctes  l'une  de  l'autre;  les  plus  grandes  d'entre  elles 
n'ont  que  4  ou  5  polypes. 

Les  siphonozoïdes,  chez  l(\s  Virgulaires,  sont  situés  généralement 
entre  les  lames  et  disposés  en  une  ou  plusieurs  rangées  trans\ersales 
et  parfois  mène  en  une  rangée  régulière  du  côté  ventral;  ils  se  conti- 
nuent entre  les  lames  rudimentaires  de  la  partie  inférieure.  Ici  il  n'y 
a,  entre  deux  lames  consécutives,  que  deux  siphonozoïdes  et  ceux-ci 
disparaissent  à  lui  niveau  très  supérieur  à  celui  des  lames  polyj^ifères. 

Enfin  et  surtout  le  Pennatulidé  du  golfe  de  Tadjourah  se  distingue 
des  Virgularidae  et  de  tous  les  autres  Pennatulidés  par  les  tul)es  ciliés 
ventraux  qui  font  communiquer  le  canal  ventral  directement  avec 
l'extérieur  et  dont  le  nombre  considérable  contraste  avec  la  rétluction 
exceptionnelle  de  celui  des  siphonozoïdes.  C'est  même  le  trait 
morphologique  le  plus  saillant  de  ce  genre  nouveau,  type  d'une  nouvelle 
famille,  celle  des  Scytaliopsidae  qui,  tout  en  présentant  un  aspect 
virgulariforme,  diffère  cependant  davantage  des  Virgularidae  (\ue 
celles-ci  ne  diffèrent  de  la  famille  voisine  des  Stylatulidae  Kolliker. 

Cette  famille  des  Scytaliopsidae  peut-être  actuellement  caractérisée 
ainsi  :  Lames  polijpifcres  petites,  sans  spicules,  insérées  obli(p(eme)it 
sur  le  rachis,  nettement  séparées  Vune  de  Vautre,  à  nombre  restreint  de 
polypes.  Polypes  dépourvus  de  calices  véritables,  s'ouvrant  da)is  les 
canaux  latéraux.  Axe  arrondi;  sarcosome  mince;  siphonozoïdes  peu 
nombreux;  tubes  ciliés  ventraux  nettant  en  communication  le  canal 
ventral  avec  V extérieur. 
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CH.  GRAVIER 

I^ES  Pennatulidés  se  présentent  le  plus  généralement  sous  forme 
de  tiges  dont  la  partie  inférieure  ou  pédoncule  est  enfoncée  dans 
les  fonds  peu  consistants,  où  ces  animaux  vivent,  et  dont  la  partie 
supérieure  ou  rachis  porte  seule  les  polypes  diversement  disposés 
suivant  les  types  que  l'on  considère.  Bien  qu'ils  ne  soient  pas  fixés 
sur  leur  support,  on  les  regarde  d'ordinaire  comme  tout  aussi  privés 
de  locomotion  que  les  autres  Alcyonaires. 

Cependant,  dès  1741,  Rumphius  ^  avait  remarqué,  à  Amboine, 
qu'un  Pennatulidé  qu'il  désigna  sous  le  nom  de  SagiUa  marina  alha, 
twecdc  soort,  et  que  Kôlliker  décrivit  plus  tard  sous  le  nom  de  Vir- 
gidaria  rum/phii,  se  retire  profondément  dans  le  sable  jusqu'aux 
lames  polypifères  et  qu'il  sécrète  un  mucus  verdâtre  qui  le  rend 
phosphorescent  pendant  la  nuit.  A  propos  de  la  Virgularia  jvucea 
Pallas,  il  dit  que  l'extrémité  reste  seule  visible  et  qu'elle  s'enfouit 
davantage  si  on  cherche  à  l'extraire  de  son  milieu  sans  y  réussir. 

Plus  tard,  Dalyell  ^  avait  reconnu  une  certaine  motilité  chez  les 
Virgulaires.  Tout  en  déclarant  que  si  ces  animaux  sont  capables 
de  se  déplacer  d'eux-mêmes,  par  leurs  propres  moyens,  il  ne  voit 
pas  par  quel  mécanisme  les  mouvements  peuvent  s'accomplir,  il 
constate  que  les  parties  molles  peuvent  se  rétracter  en  se  tordant 
autour  de  la  tige  axiale  et  s'étendre  ensuite  à  nouveau. 

Ces  observations  furent  ensuite  confirmées  par  Darwin  ^  pour 
une  espèce  de  Patagonie  que  Kôlliker  *  décrivit  plus  tard  sous  le  nom 
de  Stylatula  darwini.  A  mer  basse  on  voit,  d'après  cet  auteur,  des 
centaines  de  ces  Zoophytes  semblables  à  des  brins  de  chaume,  en 
saillie  de  quelques  pouces  au-dessus  de  la  surface  du  sable  boueux. 
Essaie-t-on  de  les  toucher  ou  de  les  arracher,  ils  se  retirent  aussitôt 
avec  force  dans  le  sable  et  disparaissent  entièrement  ou  peu  s'en 
faut.  Darwin  pensait  que  pour  réaliser  cette  rétraction,  l'axe  élas- 
tique de  la  colonie  doit  se  recourber  à  l'extrémité  inférieure  et  que 
l'extension  consécutive  de  cet  axe  doit  suffire  à  faire  saillir  de  nouveau 

'  Amboin'.'^che  Raritcitkamer,  p.  4^.     1741. 

^  Rare  and  Rcmarkable  Animais  of  Scotland,  2,  pp.  181-190.     1848. 
"  Journal  of  Research,  p.  199. 

*  Anatomisch-systcmatische  Beschreibung  der  Alcyonarien,  Abhandl.  Senck. 
Naturf.  Gesellsch.,  8er  Bd.,   p.  542.     1872. 
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l'extrémité  rétractée.  Kolliker  fit  remarquer  judicieusement  à  ce 
sujet  que  la  riche  musculature  du  pédoncule  suffit  vraisemblable- 
ment pour  accomplir  ces  mouvements. 

M.  L.  Diguet  a  recueilli  récemment  dans  la  baie  de  l'île  de  Spi- 
ritu  Santo,  pres(|ue  en  face  La  Paz  (Basse  Californie)  un  certain 
nombre  d'exemplaires  de  Stylatula  qui  paraissent  se  rapporter  à  la 
Stylatula  clongata  Verrill.^  Ces  Pennatulidés  vivent  là  à  un  niveau 
qui  s'assèche  complètement  à  mer  basse,  au  moment  des  grandes 
marées  de  février,  dans  un  sable  coquillier  à  éléments  assez  fins  où  elles 
s'enfoncent  rapidement  quand  la  mer  descend.  Quelques  individus 
ont  jusqu'à  un  mètre  de  hauteur  et  de  3  à  4  centimètres  de  largeur 
maxima,  quand  ils  sont  complètement  épanouis. 

Enfin,  j'ai  pu  moi-même  étudier  sur  place  un  autre  Pennatulidé, 
le  Scytaliopsis  djiboufioisis  qui  devient  le  type  d'une  nouvelle  famille, 
celle  des  Scytaliopsidae,  dont  l'aspect  rappelle  celui  des  Virgulaires, 
Cet  animal  vit,  à  Djibouti,  dans  une  zone  découverte  à  toutes  les 
marées.  J'en  ai  recueilli  de  nombreux  exemplaires  en  place  et  j'en 
ai  pu  observer  plusieurs  que  j'ai  conservés  vivants  pendant  plusieurs 
jours  dans  des  cristallisoirs.  Ces  Alcyonaires  se  trouvent,  à  mer 
basse,  enfoncés  verticalement  dans  le  sable,  le  pédoncule  en  bas, 
l'extrémité  étant  à  une  distance  de  la  surface  qui  varie  le  plus  souvent 
entre  10  et  15  centimètres.  A  la  marée  montante,  on  voit  pointer  l'ex- 
trémité supérieure  de  certains  individus  et  l'émersion  se  produit  sans 
doute  graduellement  jusqu'à  ce  que  toute  la  région  polypifère  soit 
à  nu  dans  l'eau  de  mer.  Toutes  les  colonies  que  l'on  retire  ainsi  du 
sable  ont  leurs  polypes  rétractés  ;  la  période  d'enfouissement  corres- 
pond vraisemblablement  pour  ces  animaux  à  une  période  de  vie  un 
peu  ralentie  ou  tout  au  moins  de  repos.  I^es  polypes  ne  s'épanouis- 
sent que  dans  l'eau  de  mer  où  l'activité  vitale  reprend  son  intensité. 

A  plusieurs  reprises,  j'ai  rapporté  au  laboratoire  improvisé  que 
j'avais  installé  à  la  Résidence  du  Gouverneur,  à  Djibouti,  des  exem- 
plaires de  ces  Alcyonaires  avec  le  sable  vaseux  où  ils  vivent  et  j'ai  pu 
faire,  dans  ces  conditions,  quelques  expériences  intéressantes  au  point 
de  vue  de  la  biologie  de  ces  animaux.  Je  remplissais  à  moitié  un 
cristallisoir  avec  ce  sable,  de  façon  à  en  avoir  une  couche  d'une  dou- 
zaine de  centimètres  d'épaisseur  *que  je  recouvrais  de  quelques  centi- 
mètres d'eau  de  mer  après  avoir  posé  à  la  sui'face  cjuelques  spéci- 

'  Les  plus  grands  exemplaires  rapportés  par  M.  L.  Diguet  mesurent  une 
vingtaine  de  centimètres  de  longueur.  Ils  offrent  de  grandes  analogies  avec  la 
Stylatula  elongata  VerrUl  trouvée  en  premier  lieu  à  Sansol  Bay  et  à  San  Francisco. 
Les  lames  poh'pifères  très  serrées  et  dépourvues  entièrement  de  spicules  comptent 
chacune  de  15  à  18  polypes  à  calices  bien  séparés.  Les  aiguilles  de  leur  armature 
paraissent  être  moins  longues  que  ne  l'indique  la  diagnose  développée  de  Kol- 
liker; en  effet,  les  plus  grandes  d'entre  elles  ne  dépassent  pas  sensiblement  le 
tiers  de  la  hauteur  de  la  lame  correspondante;  toutes  les  aiguilles  sont  large- 
ment recouvertes  par  la  lame  située  immédiatement  au-dessbus  d'elles.  D'autre 
part,  les  siphonozoïdes  forment  non  pas  deux  rangées,  mais  six  ou  sept  rangées 
très  serrées  à  l'aisselle  de  la  lame  polypifère. 
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mens  bien  intacts  et  bien  vigoureux  de  ces  Pennatulidés.  Au  bout 
d'un  quart  d'heure  environ,  on  voyait  l'extrémité  en  pointe  mousse 
du  pédoncule  se  recourber  vers  le  bas  verticalement,  pour  pénétrer 
dans  le  fond  solide.  L'apparence  est  la  même  que  celle  d'une  jeune 
racine  en  voie  de  croissance  qui  serait  placée  sur  le  sol  horizontale- 
ment. La  torsion  de  la  portion  terminale  du  pédoncule  se  fait  chez 
tous  les  spécimens  quelle  que  soit  la  face  en  contact  avec  le  sol  au 
bout  d'un  temps  variable,  suivant  les  individus.  Pour  s'enfoncer 
dans  ce  sable  assez  compact,  le  pédoncule,  dont  la  paroi  est  molle  et 
flexible,  doit  prendre  une  certaine  rigidité.  On  voit,  à  travers  la  paroi 
semi- transparente  de  ce  dernier  le  liquide  de  la  cavité  générale  y 
affluer  et  produire  une  turgescence  suffisante  pour  permettre  à  la 
pointe  de  creuser  une  petite  dépression  dans  le  sol.  Cet  aflSux  de 
liquide  dans  la  cavité  du  pédoncule  résulte  de  l'activité  des  fibres 
musculaires  longitudinales  qui  s'étendent  d'une  extrémité  du  corps 
à  l'autre.  La  turgescence  peutêtre  maintenue  au  gré  de  l'animal, 
grâce  à  la  contraction  des  fibres  musculaires  que  possède  la  région 
située  immédiatement  au-dessus  du  pédoncule  et  qui  peuvent  réduire 
à  rien  la  cavité  qu'elles  circonscrivent.  La  turgescence  n'est  pas  de 
longue  durée;  lorsque  son  effet  utile  s'est  produit,  le  liquide  accu- 
mulé dans  le  sac  pédonculaire  reflue  vers  l'extrémité  opposée.  Je  n'ai 
d'ailleurs  observé  aucun  rythme  dans  la  production  de  ces  ondes  qui 
se  propagent  lentement.  La  pénétration  dans  le  fond  sableux  exige 
du  reste  un  temps  assez  long.  Lorsque,  par  l'action  répétée  de  cette 
sorte  de  bélier  constitué  par  le  pédoncule,  il  s'est  creusé  un  trou 
suffisant  pour  loger  ce  dernier,  la  partie  polypifère  se  relève  peu  à 
peu  et  tout  d'une  pièce,  à  cause  de  l'axe  rigide  qui  la  soutient,  au  fur 
et  à  mesure  que  l'extrémité  inférieure  s'enfonce  dans  le  sol. 

Dans  l'une  de  ces  expériences  faites  le  19  Février  1904,  des  exem- 
plaires en  bon  état,  posés  sur  le  sable  dans  les  conditions  indiquées 
plus  haut,  à  4  heures  de  l'après  midi,  avaient  leur  pédoncule  entière- 
ment enterré  à  7  heures  du  soir  ;  le  lendemain  matin,  à  6  heures,  une 
très  petite  partie  de  l'extrémité  supérieure  du  rachis  restait  seule 
visible.  Il  est  nécessaire  que  le  niveau  de  l'eau  dans  le  cristallisoir 
soit  assez  élevé  pour  que  la  région  polypifère  reste  constamment 
baignée.  Si  l'on  se  contente  de  placer  ces  animaux  sur  le  sable  main- 
tenu humide,  le  pédoncule  peut  commencer  la  perforation,  mais 
l'opération  ne  se  poursuit  pas  pour  le  rachis  qui  garde  sa  position 
originelle  et  qui,  autrement,  se  trouverait  en  partie  à  sec  dès  qu'il 
commencerait  à  se  redresser.  Si  avant  que  l'enfouissement  soit  com- 
plet, on  abaisse  graduellement  le  niveau  de  l'eau  dans  le  cristallisoir, 
de  façon  à  mettre  à  nu  le  sommet  du  rachis,  on  voit  la  partie  vivante 
se  rétracter  sous  l'influence  de  la  musculature  longitudinale  en  glissant 
sur  l'axe  solide  qui  demeure  à  sec.  Si  la  rétraction  ne  peut  suivre 
l'abaissement  du  niveau  de  l'eau  dans  le  récipient,  la  partie  émergée 
ne  tarde  pas  à  être  mortifiée. 
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La  partie  la  plus  laborieuse  de  l'enfouissement  correspond  au 
creusement  du  trou  destiné  au  pédoncule  et  à  la  région  qui  le  sur- 
monte. C'est  le  pédoncule  qui  joue  le  rôle  essentiel  dans  cette  opéra- 
tion. Si  on  le  sectionne  à  un  niveau  quelconfjue  ou  si  on  praticjue 
une  entaille  dans  se  paroi,  l'animal  mutilé  reste  inerte  à  l'endroit  où 
il  a  été  posé. 

J'ai  essayé,  à  diverses  reprises,  de  réaliser  dans  une  certaine  me- 
sure, pour  quelques-uns  de  ces  Alcyonaires  conservés  vivants  pendant 
plusieurs  jours,  les  conditions  résultant  du  jeu  normal  des  marées. 
Dans  aucun  cas,  je  n'ai  pu  observer  de  coïncidence,  d'une  part,  entre 
)e  mouvement  d'ascension  de  ces  animaux  avec  l'élévation  du  niveau 
de  l'eau  dans  le  récipient  correspondant  à  la  mer  montante  et  d'autre 
part,  entre  l'enfouissement  et  l'abaissement  graduel  de  l'eau  corres- 
pondant à  la  mer  descendante.  Si  dans  les  conditions  naturelles, 
l'enfoncement  dans  le  sable  exige  autant  de  temps  que  dans  les  cir- 
constances oii  je  l'ai  observé  plusieurs  fois,  les  oscillations  du  niveau 
des  eaux  de  la  mer  n'auraient  pas  une  répercussion  immédiate  sur 
les  mouvements  d'émersion  ou  d'enfouissement  des  Alcyonaires 
dont  il  est  question  ici.  Cette  conclusion  ne  peut  d'ailleurs  être  for- 
mulée que  sous  les  réserves  les  plus  expresses.  Les  conditions  de 
l'existence  sont,  dans  la  nature,  tout  autres  que  dans  les  laboratoires. 
Un  facteur  de  la  plus  haute  importance  dans  cet  ordre  de  choses, 
c'est  la  température.  Malgré  toutes  les  précautions  prises,  il  est  très 
difficile  d'éviter  sans  installation  spéciale  et  surtout  dans  les  climats 
torrides  comme  celui  de  Djibouti,  l'élévation  de  température  dans 
l'eau  des  récipients  en  expérience  et  on  sait  qu'une  variation  assez 
rapide  de  quelques  degrés  suffit  à  affaiblir  singulièrement,  sinon  à 
tuer  un  grand  nombre  d'organismes  marins.  __ 

Toutes  les  observations  concordantes  rappelées  ci-dessus  mon- 
trent que  chez  les  Pennatulidés,  tout  au  moins  chez  les  Virgularidae 
et  les  familles  voisines  Stylatulidae  et  Scylaliopsidae,  les  colonies  ont 
une  motilité  beaucoup  plus  grande  qu'on  ne  le  croit  généralement. 

Dalyell  dit  que  les  Virgulaires,  de  même  que  la  plupart  des  ani- 
maux de  profondeur,  sont  des  animaux  nocturnes.  En  tout  cas,  j'ai 
vu  maintes  fois  des  Scytaliopsis  avec  leurs  polypes  complètement 
épanouis  dans  les  cuvettes  où  je  les  examinais  au  microscope  et  où 
ils  étaient  exposés,  par  conséquent,  à  une  lumière  assez  vive. 


A   NEW   TYPE   OF   ALCYONARIAN 
J.  ARTHUR  THOMSON 

Among  alcyonarians  we  find,  on  the  one  hand,  gênera  like  Den- 
dronephthya  (or  Spongodes)  with  an  enormous  niimber  of  species, 
sonie  of  which  seem  like  De  Vries's  "  ever-sporting  varieties,"  and  on 
the  other  hand,  exceedingly  distinctive  forms  standing  by  themselves. 
I  need  only  mention  such  forms  as  Hehopora,  CoralHum,  Tubipora, 
Lemnalia,  Coelogorgia,  Telesto,  Renilla.  In  the  "  Investigator"  collec- 
tion of  deep-sea  forms  from  the  Indian  Océan,  I  hâve  found  several 
very  distinctive  new  types,  such  as  the  curiously  complex  Agaricoides 
which  I  hâve  exhibited,  described  by  one  of  my  students,  J.  J.  Simp- 
son. In  a  littoral  collection  from  the  same  océan,  I  hâve  found 
more  new  types,  and  to  one  of  thèse  —  not  yet  described  or  studied  in 
détail  —  I  invite  your  attention  for  a  few  minutes. 

The  new  type  is  one  of  the  strangest  forms  in  a  remarkable  group. 
Picture  a  radially  symmetrical  turnip-like  or  cup-like  colony  of  a 
brown  colour,  prolonged  basally  into  a  tapering  stalk  without  any 
base  of  attachment.  The  extrême  height  up  the  centre-Hne  is  13.5 
centimètres,  of  which  about  5  centimètres  is  occupied  by  the  expanded 
cup  portion,  which  has  a  diameter  of  about  6  centimètres.  The  thick 
walls  of  the  cup  curve  inwards  at  the  top  and  leave  a  circular  opening 
about  3  centimètres  in  diameter.  Out  of  this  opening  there  project 
about  seventy  mamma-like  upgrowths,  varying  greatly  in  size,  and 
bearing  numerous  polyps  which  roughen  their  whole  surface.  The 
mamma-like  upgrowths  vary  from  3.5  mm.  to  20  mm.  in  length, 
and  a  fréquent  diameter  is  3  mm.  The  great  majority  form  a  thickly 
crowded  central  group  seated  on  a  dome-like  extension  of  the  core  of 
the  colonv;  the  members  of  another  set  are  attached  in  several  rows 
about  5  mm.  below  the  incurved  rim  of  the  cup;  and  between  thèse 
two  sets  there  is  a  third  set  in  two  rows,  also  attached  to  the  wall  of  the 
cup  about  halfway  up.  The  whole  appearance  in  médian  vertical 
section  may  be  compared  to  a  flower-bud  with  numerous  carpels 
on  an  elevated  thalamus,  and  surrounded  by  stamens  in  two  con- 
centric  groups  attached  at  two  différent  levels  to  the  cup- wall,  which 
might  be  compared  to  a  fused  perianth.  The  whole  of  the  surface 
of  the  colony  is  extremely  rough  with  long  colourless  spindles  em- 
bedded  in  it  in  longitudinally-disposed  bundles  or  bunches.  The 
upper  half  of  the  wall  has  a  somewhat  regular  striated  appearance; 
the  lower  half  is  much  less  regular  ;  the  stalk  is  ragged  with  project- 
ing  spicules  of  large  size.  The  prevailing  external  colour  is  brown 
with  a  flush  of  pink.  The  mamma-like  heads  are  dark  brown.  The 
différence  in  superficial  appearance  between  the  upper  half  of  the  cup 
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and  the  lower  portions  suggests  that  the  colony  raay  hâve  been  em- 
bedded  up  to  the  level  of  liah'  the  cup. 

If  we  take  one  of  the  seventy  mamma-Hke  upgrowths  within  the  cup 
we  find  that  it  is  practically  covered  by  about  150  closely  packed 
polyps,  which  do  not  seem  to  hâve  any  definite  arrangement.  The 
apex  is  occiipied  by  a  single  polyp  distinctly  larger  than  the  others 
with  a  conspicuous  eight-rayed  figure  aroun(l  the  mouth,  marked  out 
by  spicules.  A  few  of  the  ordinary  polyps  show  short  pointed  trian- 
gular  tentacles  with  aboral  spicules,  but  in  most  cases  the  tentacles  are 
wholly  retracted  within  the  circular  mouth  of  the  polyp.  The  out- 
side  of  the  polyp  is  covered  with  spicules  for  the  most  part  longitud- 
inally  disposed  and  converging  into  apical  triangles,  whose  points 
may  project  as  eight  teeth  surrounding  the  oral  aperture.  In  other 
words,  there  is  a  rudimentary  verruca,  but  not  separable  from  the 
wall  of  the  polyp.  In  most  cases  the  oral  aperture  of  the  retracted 
polyp  is  directed  towards  the  apex  of  the  spike.  A  cross  section  of  a 
polyp  spike  towards  its  base  shows  a  large  central  canal,  with  which 
the  individual  polyps  directly  communicate. 

A  médian  vertical  section  through  the  thalamus  shows  numerous 
longitudinal  canals,  very  strong  muscle  bands  doubtless  retracting 
the  spike-covered  thalamus  within  the  shelter  of  the  cup,  and  thirdly 
a  peculiar  tissue  of  very  turgid  appearance  between  the  canals.  Where 
the  cup  narrows  into  the  stalk,  the  section  shows  about  ten  longitudinal 
canals,  but  the  total  number  is  large. 

The  canal-walls  show  very  few  spicules,  but  hère  and  there 
smooth  spindles  of  varions  sizes  occur.  Of  thèse  the  following  meas- 
urements  were  taken  of  length  and  breadth  in  millimètres  :  0.9  X 
0.06;  0.55  X  0.04;  0.3  X  0.025;  0.25  X  0.02. 

The  walls  of  the  colony  are  densely  fîlled  with  tuberculate  spindles, 
straight  and  curved,  of  very  varied  sizes.  The  following  measurements 
were  taken  of  length  and  maximum  breadth  in  millimètres:  5  X 
0.5;  5  X  0.4;  4  X  0.45;  4  X  0.4;  4  X  0.28;  3  X  0.45;  2.5  X 
0.4;  2.5  X  0.2;  1.25  X  0.15;  1  X  0.1;  0.8  X  O.OS;  0.7  X  0.07; 
0.5  X  0.05.  There  is  an  almost  continuons  gradation  from  5  X  0.5 
to  exactly  a  tenth  of  thèse  dimensions.  In  the  majority  the  maximum 
breadth  is  about  a  tenth  of  the  length.  Many  of  the  spindles  show  a 
sharply  bent  knee.  Almost  ail  are  densely  covered  with  tubercles, 
which  are  often  compound. 

As  to  the  sy^tematic  position  of  this  curions  type,  I  cannot  at  présent 
say  more  than  that  it  is  an  Alcyonid,  and  that  it  stands  quite  alone. 
The  only  other  form  that  I  know  of  in  which  there  is  an  invagination 
of  the  polyparium  wùthin  the  walls  of  the  colony  is  Paralcyonium, 
but  there  is  no  near  resemblance  between  the  two  types.  I  should 
like  to  call  this  interesting  type  Studeriotes,  in  compliment  to  Prof. 
Studer  of  Berne,  one  of  the  leading  authorities  on  the  alcyonaria. 


NOTE   ON   IMPROVEMENTS   IN  THE   METHOD   OF 
PRESERVING   ROTATORIA 

CHARLES    F.    ROUSSELET 

NiNE  years  hâve  elapsed  since  I  read  a  note  on  preserving  Rota- 
toria  at  the  meeting  of  tlie  International  Zoôlogical  Congress  at  Cam- 
bridge, England.  During  this  time  I  hâve  continiied  experiments  in 
varions  directions,  and  made  several  improvements  in  the  détails  of 
the  method  I  then  described  by  means  of  which  it  is  possible  to  obtain 
better  results,  particularly  with  some  difficult  species. 

The  improvements  consist  in  a  better  narcotic  and  more  suitable 
manipnlation  and  preservative  fluids. 

The  narcotic  which  lias  been  fonnd  to  be  more  suitable  for  Rota- 
toria  is  Eucaine  Hydrochlorate  B,  first  proposed  hy  Mr.  George  T. 
Harris  in  1900.  (The  Ilhistrated  Annual  of  Microscopy,  1900,  pp. 
28-29.)  It  is  used  in  a  1%  solution  in  distilled  water,  without  any 
other  addition,  and  added  drop  by  drop  in  the  same  way  as  pre- 
viously  the  cocaine  mixture.  The  solution  is  quite  stable  and  keeps 
well  indefinitely,  and  is  prepared  by  dissolving  1  gm.  of  the  nar- 
cotic in  100  ce.  of  distilled  water. 

This  narcotic  is  very  efïicacious  with  ail  Rotifers,  except  only 
one  group,  namely,  the  Bdelloids,  containing  the  gênera  Philodina, 
Rotifer,  and  Callidina.  Most  species  of  this  group  refuse  to  be  nar- 
cotized  satisfactorily,  the  narcotic  inducing  changes  and  distortions 
which  obliterate  characteristic  features  and  render  allied  species  un- 
recognizable.  A  suitable  narcotic  for  the  Bdelloids  remains,  there- 
fore,  yet  to  be  discovered.^ 

The  second  improvement  consists  in  the  discovery  of  the  great 
influence  exercised  by  osmosis  and  by  slight  différences  in  the  density 
of  the  fluids  used  in  the  manipulation.  Formerly  I  recommended  to 
wash  the  fixed  animais  in  water,  but  as  the  body  fluids  of  Rotifers  is 
somewhat  denser  than  water,  many  species  with  soft  and  very  thin 
integument  are  unduly  distended,  which  is  not  remedied  by  subsé- 
quent transference  into  formalin  solution;  indeed,  this  denser  fluid 
causes  a  reverse  action  which  may  spoil  the  spécimens. 

My  endeavors  hâve  been  directed  to  avoid  the  efîect  of  this 
osmotic  action  altogether,  and  in  some  cases  to  make  use  of  it  to 
obtain  better  results.  By  experiment  I  hâve  ascertained  that  the 
density  of  the  body  fluid  of  fresh-water  Rotifers  is  about  1,006  to 

1  Dr.  P.  de  Beauchamp,  in  a  paper  on  Eosphora  digilata  (1905),  has  recom- 
mended the  new  ansesthetic  Stovaine  as  giving  good  results  with  some  species 
of  Rotifers.    I  hâve  not  yet  had  an  opportunity  of  trying  it. 
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1,007.  Therefore,  after  narcotizing  I  fix  the  spécimens  in  a  fluid  of 
that  density  and  keep  them  therein  thronghout. 

Two  preserving  fluids  are  available  for  this  purpose,  namely:  — 

7%  commercial  formalin,  density  1,006,  madewith  7  ce.  formalin 
and  93  ce.  distillcd  water,  and  3%  formalin,  3<^%  glycérine,  made 
with  3  ce.  commercial  formalin  and  97  ce  distilled  water,  with 
]4:  ce  glycérine  added;   this  mixture  has  a  density  of  1,006. 

With  some  species  of  Kotifera,  such  as  Asplanchna  and  ITyda- 
tina,  a  slight  distention  of  the  body  cavity  is  an  advantage;  but 
others,  such  as  Synchaeta,  Euchlanis,  and  the  soft  Notommata,  lose 
their  natural  shapes  with  the  least  distention. 

In  order  to  avoid  the  efïects  of  osmotic  action  in  the  process  of 
fixing  I  transfer  the  Rotifers  when  sufïiciently  narcotized  to  a  watch- 
glass  containing  15  to  20  drops  of  one  of  the  above  solutions  and  one 
drop  of  1%  osmic  acid  well  mixed;  hère  they  can  remain  5  to  10  min- 
utes, until  a  very  slight  tinge  of  brown  stain  is  produced  in  the  organs; 
they  are  then  removed  into  two  or  three  changes  of  the  same  fluid 
without  osmic,  and  so  preserved  or  mounted  without  any  change  in 
density  of  the  fluid  or  risk  of  osmotic  action.  The  actual  strength  of 
the  osmic  acid  solution  in  use  is  rarely  known,  and  dépends  very  much 
upon  the  âge  of  the  solution  ;  the  animais  can  therefore  remain  in  this 
very  weak  fixing  bath  until  a  slight  tinge  of  brown  indicates  that 
sufRcient  fixation  has  been  obtained.  No  better  fixative  than  osmic 
acid,  associated  with  formalin,  has  been  found  for  Rotifers. 

When  dealing  with  very  délicate  species  which  show  some  shrink- 
age  it  is  easy  to  dilute  the  above  preserving  fluids  by  adding  dis- 
tilled water,  thus  reducing  the  density  by  /^,  /^,  or  ^,  as  may  be 
found  désirable.  With  Rotifers  living  in  brackish  or  sea  water  (the 
density  of  the  latter  being  1,027)  it  is  necessary  to  increase  the  den- 
sity of  the  preserving  fluids  by  adding  glycérine. 

The  following  is  a  list  of  fluids  and  their  densities  which  are  useful 
under  varions  circumstances  :  — 

Schering's  formalin  (commercial)           5%  density 1,005 

7%  "  1,006 

10%  "  1,009 

"      3%  and  glycérine  y^%  "  1,006 

"      3%          "                  1%  "  1006 

"      5%          "                 2%  "  1,012 

''    10%          '^                 3%  "  1,017 

"    10%          "                 5%  "  1,020 

The  combination  of  glycérine  with  formalin  is  a  very  good  one  as 
a  preservative,  particularly  as  both  are  non-electrolites.  The  addi- 
tion of  even  a  small  percentage  of  glycérine  has  the  efîect  of  increas- 
ing  the  transparency  of  the  animais. 

The  improved  method  of  preserving  Rotatoria  which  I  now  advo- 
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cate  consists,  then,  in  narcotizing  slowly  with  Eucaine  hydrochlorate 
1%,  then  killing  and  fixingwith  very  weak  osmic  acid,  which  is  added 
to  the  preservative  fluid  of  known  and  carefully  chosen  density  as 
explained  above  and  then  washed  and  preserved  in  either  of  the 
following  fluids:  — 

Formahn  7%,  or  formalin  3%  and  glycérine  }/i%,  or  some  shght 
modification  of  the  same. 

In  my  former  note  I  gave  the  strength  of  the  preservative  fluid 
in  percentage  of  formaldehyde,  but  I  thiuk  it  is  better  to  give  it  in 
percentage  ot  the  commercial  formalin,  which  itself  is  nominally  a 
40%  solution  of  formaldehyde. 


THE  LUMINOUS  ORGANS  OF  SOME  CEPHALOPODA 
FROM  THE  PACIFIC  OCEAN 

WILLIAM  E.  HOYLE 
I.    The  Eye  and  Luminous  Organ  of  Bathothauma 

LYROMMA 

The  material  on  which  this  paper  is  based  was  collected  by 
Alexander  Agassiz  on  the  "  Eastern  Pacific  "  cruise  of  the  U.  S. 
Fish  Commission  Steamer  "  Albatross."  The  eye  of  Bathothauma 
lyrommia  occupies  the  extremity  of  a  stalk  projecting  from  the  side  of 
the  head  :  the  stalk  is  transparent  and  the  nerve  can  be  clearly  seen 
running  along  its  centre.  The  globe  of  the  eye  itself  is,  roughly 
speaking,  an  elongated  elHpsoid  with  the  long  axis  apparently  directed 
vertically  in  the  natural  swimming  position  of  the  animal.  It  is  about 
15  mm.  in  length  and  about  half  this  in  breadth  and  thickness.  The 
middle  of  the  outer  surface  is  occupied  by  the  projecting  lens,  which 
is  about  3  mm.  in  diameter;  it  marks  the  position  of  the  eye-ball 
itself.  The  portion  above  this  is  occupied  by  the  white  body,  which 
is  very  large  and  of  an  irregular  flattened  spheroidal  form.  Its 
structure  is  quite  typical. 

As  regards  the  eye-ball  itself,  I  hâve  not  yet  made  a  complète  ex- 
amination  of  its  structure  but  may  remark  that  the  cartilaginous 
envelope  is  reduced  to  a  thin  narrow  ring  around  the  equator  of  the 
organ,  Superficially  it  has  a  definite  smooth  rim,  whilst  its  deeper 
margin  merges  gradually  into  a  thin  layer  of  fibrous  tissue  :  its  thick- 
ness is  only  about  0.05  mm.  and  it  consists  of  a  single  layer  of  cells.- 

Beneath  the  lens  is  a  kind  of  iris.  The  central  portion  is  very  thin 
and  consists  of  two  layers  :  the  upper  granular  and  loose  in  texture  ; 
the  deeper  compact  and  made  up  of  very  small  pigmented  cells.  This 
pigmented  layer  turns  over  at  the  edge  of  the  eye-cup  and  is  continuons 
with  the  retinal  layer  of  pigment.  The  marginal  portion  of  the  iris 
consists  for  the  most  part  of  a  double  layer  of  circular  muscle  fibres. 
This  has  a  breadth  of  nearly  3  mm.  in  the  lower  portion  and  2  mm. 
in  the  upper;  its  greatest  thickness  is  about  0.04  mm.  The  extrême 
thickness  is  situated  in  the  lower  semicircumference  about  half-way 
from  the  edge  to  the  centre  ;  passing  gradually  upwards,  the  thickest 
portion  comes  to  lie  nearer  to  the  outer  margin.  The  circular  fibres  are 
collected  into  bundles,  which  in  the  sections  présent  the  appearance  of 
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an  axis  with  a  single  layer  of  fibres  arranged  in  a  pinnate  fashion  on 
either  side  of  it. 

The  structure  of  the  retina  has  not  yet  been  compared  with  that 
known  to  occur  in  other  Cephalopoda. 

Beneath  the  eye-ball  is  the  phosphorescent  organ,  which  occupies  a 
dépression  close  to  the  apex  of  the  ocular  elhpsoid  above  referred  to. 
In  the  sections  it  appears  to  hâve  the  form  of  an  elongated  scalene 
triangle,  the  apex  being  directed  downwards  and  outwards.  Its  total 
length  is  just  over  3  mm.  and  its  greatest  thickness  0.65  mm.  It  is 
covered  by  a  very  thin  membrane,  apparently  fibrous  in  composition, 
in  which  nuclei  can  be  seen  hère  and  there. 

In  the  body  of  the  organ  three  separate  portions  can  be  made  out  : 

(A)  A  kind  of  cup  of  an  oblique  shape,  in  the  hollow  of  which  the 
two  other  portions  are  contained.  This  is  very  thick  in  the  deeper 
portion  of  the  organ  and  thins  away  gradually  towards  its  narrow 
ventral  edge.  Its  structure  is  not  very  well  preserved,  but  it  shows 
signs  of  being  made  up  of  scales  similar  to  those  which  compose  the 
reflector  seen  in  some  other  types  of  luminous  organs.  It  stains  rather 
deeply  with  haematoxylin.  In  the  thick  part  of  the  cup  it  passes  grad- 
ually into  the  superficial  connective  tissue  of  the  ocular  ellipsoid,  the 
connective  tissue  being  hère  very  dense  and  staining  deeply.  Farther 
from  the  surface,  however,  the  connective  tissue  becomes  much  looser 
and  the  cup  is  very  distincdy  marked  off  from  it.  Where  the  cup 
thins  out  towards  the  ventral  margin  it  merges  gradually  into  the 
subjacent  connective  tissue  lying  between  it  and  the  eye-ball;  this 
connective  tissue  also  is  densest  near  the  surface,  becomes  gradually 
more  open,  and  stains  less  deeply  where  it  rests  on  the  cartilage  of  the 
eye-ball. 

The  interior  of  the  cup  is  occupied  by  two  structures  quite  distinct 
in  their  more  characteristic  portions,  but  passing  insensibly  one  into 
the  other. 

(B)  The  material  filling  the  bottom  of  the  cup  is  a  pale  granular 
mass  without  any  very  definite  cell  boundaries,  but  with  nuclei 
scattered  in  it  hère  and  there,  which  vary  in  shape  from  ovoid  to  fusi- 
form  (unless  perhaps  this  apparent  différence  in  shape  is  due  to  the 
varying  angles  at  which  they  hâve  been  eut  by  the  plane  of  the  sec- 
tion). This  mass  is  about  0.75  mm.  in  depth,  though,  as  above  stated, 
it  has  no  definite  boundary.  I  take  it  to  be  the  source  of  light, 
chiefly  on  account  of  its  resemblance  to  the  material  in  the  centre  of 
the  ocular  organs  of  Pterygioteuthis. 

(C)  The  remainder  of  the  cup  is  fiUed  by  a  mass  of  substance,  in 
which  the  cells  hâve  become  more  and  more  elongated  and  taken  on 
the  appearance  of  fibres.  The  direction  of  thèse  fibres  coïncides  pretty 
nearlv  with  the  long  axis  of  the  organ,  but  near  the  outer  surface  they 
gradùallv  bend  towards  it  and  eventually  strike  it  at  an  angle  varying 
from  about  45°  near  the  base  of  the  triangle  to  about  75°  near  its  apex. 
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As  above  stated,  there  is  no  clear  line  of  démarcation  between  thèse 
cells  and  those  of  the  photogenic  mass.  Thèse  latter  become  more  and 
more  fusiform  and  elongate  by  degrees  into  the  fibres  just  described. 


II.   The  Eye  and  Luminous  Organ  of  an  Undetermined 

Cranchiid 

In  this  form,  as  in  Bathothauma,  the  eye  is  stalked,  but  the  stalk  is 
shorter  and  the  eye  is  not  so  much  expanded  as  in  that  genus,  but  is  a 
bluntly  truncated  cyhnder.  The  white  body  is  almost  spherical  and  is 
situated  immediately  behind  the  eye-ball.  Beneath  the  eye-ball  is  a 
kind  of  prominent  horn  or  rounded  angle  projecting  outwards. 

This  prominence  contains  the  luminous  organ  which  is  similar  in 
gênerai  form  to  that  just  described,  but  smaller  and  simpler  in  struc- 
ture. The  length  is  0.8  mm.  and  the  greatest  thickness  0.15  mm. 
The  cup  is  shallower  and  its  constituent  éléments  do  not  stain  so 
deeply  ;  its  edge  is  not  so  oblique  as  in  the  other  instance  just  described. 
The  contents  of  the  cup  are  granular  and  without  the  clear  definite 
nuclei  of  the  other  form;  they  merge  into  the  fibrous  portion,  but 
this  last  again  is  not  so  well  characterized. 

There  is  a  well-marked  patch  of  pigment  just  over  the  cup  on  the 
outer  side  near  the  bottom,  which  in  some  of  the  sections  seems  to  pass 
almost  over  the  apex. 


III.   The  Luminous  Organs  of  Onychoteuthis 

I.  The  Posterior  Organ.  —  When  the  mantle  cavity  of  Ony- 
choteuthis is  opened,  there  at  once  attracts  attention  a  round  body, 
rather  more  than  2  mm.  in  diameter,  lying  in  the  middle  line  just  in 
front  of  the  root  of  the  gills.  It  has  a  bright  white  pearly  centre  sur- 
rounded  by  a  black  ring  and  looks  remarkably  like  an  eye. 

On  transverse  sections  it  appears  that  the  black  ring  is  due  to  the 
ink-sac  which  forms  a  projection  hère  and  has  a  hemispherical  de- 
pression  in  which  the  organ  in  question  is  lodged.  The  luminous 
organ  itself  is  1.6  mm.  in  diameter  and  1.0  mm.  in  thickness.  It  con- 
sists  of  four  portions  :  — 

(A)  The  cup.  This  is  a  layer  varying  from  0.2  to  0.25  mm.  in 
thickness,  lining  the  dépression  in  the  ink-sac  just  alluded  to.  It  is  a 
little  thinner  at  the  bottom  of  the  cup  than  at  the  sides  and  thins  out 
again  to  a  blunt  edge  at  the  margin  of  the  cup.  It  stains  with  moderate 
intensity  (with  haematoxylin)  and  consists  for  the  most  part  of  fibrous 
connective  tissue  closely  packed  together.  Among  the  fibres  are  nu- 
merous  small  rounded  lacunae,  but  it  was  impossible  to  make  out  the 
présence  of  definite  cell  boundaries  or  nuclei.  The  tissue  appears  to  be 
much  less  dense  on  the  inner  aspect  than  on  the  outer  aspect  of  the 
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cup.  In  the  latter  situation,  too,  it  assumes  a  brownish  tinge,  as  though 
it  had  been  stained  by  the  contents  of  the  subjacent  ink-sac. 
The  interior  of  the  cup  is  occupied  by  — 

(B)  The  central  mass,  which  fiUs  it  up  to  a  level  of  some  0.12  mm. 
below  its  margin.  It  consists  of  a  rather  faintly  stained  granular  ma- 
terial,  in  which  cell  boundaries  cannot  be  clearly  made  out,  but  which 
contains  very  many  small  spheroidal  nuclei.  Some  of  thèse  nuclei 
are  seen  to  he  in  vacant  spaces,  an  appearance  which  suggests  the  pos- 
sibihty  that  there  may  be  cells  and  that  the  granular  material  is  an 
intercelhilar  substance.  Further  examination  is  needed  to  settle  this 
point. 

(C)  r^e/e/î^forms  the  front  of  the  organ.  It  rests  upon  the  margin 
of  the  cup  and  is  nearly  1  mm.  in  thickness.  It  is  plano-convex  ;  the 
convex  surface  being  directed  outwards.  In  the  sections  examined  this 
surface  is  bounded  by  a  very  thin  structureless  membrane,  and  it  was 
impossible  to  make  out  an  epithelium  covering  it.  The  body  of  the  lens 
is  of  a  very  peculiar  composition.  It  consists  of  clear  structureless 
fibres,  which  stain  only  very  faintly  and  are  provided  with  abundant 
elongated  oval  nuclei.  For  the  most  part  the  fibres  hâve  a  wavy  course 
transverse  to  the  optical  axis  of  the  organ.  This  arrangement  holds 
good  of  the  greater  part  of  the  lens,  but  in  its  more  superficial  régions 
it  is  much  less  regular.  The  fibres  become  more  wavy,  and  many  of 
them  are  directed  more  or  less  at  right  angles  to  the  surface.  Spaces 
are  formed  between  them  filled  with  small  nucleated  cells.  On  the 
surface  are  one  or  two  lacunae  covered  only  by  the  limiting  membrane 
above  alluded  to  ;  thèse  spaces  hâve  no  contents.  They  may  be  arti- 
ficial,  but  this  boundary  is  very  definite  and  they  are  quite  différent  in 
appearance  from  other  places  where  the  membrane  seems  to  hâve  been 
forcibly  detached  from  the  subjacent  material.  Judging  by  compari- 
son  with  the  anterior  organ,  they  would  appear  to  be  blood  vessels. 

(D)  The  intermediate  loyer,  as  it  may  be  called  in  the  absence  of 
any  definite  indication  as  to  its  function,  is  a  very  remarkable  structure. 
It  is  about  0.3  mm.  in  thickness  in  the  middle  and  thins  out  towards 
the  margin,  at  first  gradually,  then  more  rapidly  where  it  lies  between 
the  cup  and  the  lens,  which  it  entirely  séparâtes  from  each  other.  It 
stains  very  deeply,  and  is  composed  of  coarse  wavy  fibres,  whose  gên- 
erai direction  is  transverse  of  the  optical  axis  of  the  organ.  They  are 
in  marked  contrast  to  the  fibres  of  the  lens  above  described  in  the 
following  characters:  (1)  they  stain  much  more  deeply,  (2)  they  are 
much  thicker,  and  (3)  they  are  much  more  wavy.  Neither  cells  nor 
nuclei  hâve  been  distinguished  among  them.  This  layer  is  perforated 
by  a  considérable  number  of  canals,  which  pass  right  through  it  par- 
allel  to  the  optical  axis  and  form  channels  for  a  séries  of  thin  threads, 
which  are  most  probably  nerves.  They  are  thin  structureless  fibrils, 
with  numerous  small  nuclei  lying  upon  them,  are  elongated  in  the 
direction  of  the  fibres  and  thus  easily  distinguished  from  the  nuclei  of 
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the  tissue  in  which  they  lie.  They  pass  from  the  lens  on  the  one  side 
to  the  central  mass  on  the  other.  Their  ultimate  fate  I  was  unable  to 
ascertain,  though  I  hâve  succeeded  in  following  some  of  them  almost 
to  the  outer  surface  of  the  lens  on  one  hand  and  some  distance  into 
the  central  mass  on  the  other.  Besides  thèse  nerves  the  channels  seem 
to  be  occupied  by  blood  vessels,  but  thèse  are  more  distinct  in  the  ante- 
rior  organ,  the  considération  of  which  now  follows. 

2.  The  Anterior  Organ.  —  This  anterior  organ  differs  from  the 
posterior  in  several  respects  :  it  is  not  lodged  in  a  definite  dépression 
in  the  ink-sac,  but  rests  upon  the  narrowing  neck  of  it  ;  the  cup  is  pro- 
portionately  thicker  than  in  the  other,  and  the  central  mass  is  cor- 
respondingly  smaller.  The  lens  has  the  rectum  and  two  rather  large 
blood  vessels  passing  over  it. 

.The  central  mass  differs  further  from  that  in  the  posterior  organ  in 
being  more  vascular  ;  it  is  permeated  by  blood  vessels  of  comparatively 
large  size,  and  branches  from  some  of  thèse  are  to  be  seen  passing 
through  the  intermediate  layer,  in  addition  to  the  structures  which  hâve 
been  above  described  as  nerves.  It  would  seem  as  though  the  central 
mass  received  its  blood  supply  in  this  way,  for  it  has  been  impossible 
to  make  out  any  vessels  passing  into  it  from  the  subjacent  cup. 

As  regards  the  function  of  thèse  différent  structures  there  can  be  no 
doubt  that  the  central  mass  is  the  source  of  light  ;  and  the  cup  a  reflec- 
tor,  and  also  that  the  lens  has  the  function  indicated  by  its  name.  It  is 
more  difficult,  however,  to  assign  a  definite  function  to  the  interme- 
diate layer.  It  may  be  a  refractive  apparatus  supplementary  to  the 
lens. 


THE    ORIGIN    OF   THE    CHIM^ROID    FISHES 
C.  TATE  REGAN 

In  a  récent  paper  on  the  Classification  of  the  selachians*  I  re- 
garded  the  selachians  with  mixopterygia  (i.  e.,  paired  intromittent 
organs  which  are  appendages  of  the  pelvic  fins)  as  forming  three 
orders:  Ichthyotomi,  Euselachii,  and  Holocephali,  which  were 
shown  in  my  phylogenetic  scheme  as  independently  derived  from 
the  same  ancestral  group,  conceived  as  having  the  characters  of  the 
Pleuropterygii,  plus  the  development  of  mixopterygia. 

Bashford  Dean,  who  has  recently  written  on  the  chimœroids  ^ 
sees  évidences  of  relationship  between  them  and  the  cestraciont 
sharks,  and  as  I  regard  the  latter  as  rather  specialized  members  of 
the  Euselachii,  it  will  be  seen  that  this  point  of  view  is  not  in 
accordance  with  that  expressed  above. 

The  Holocephali  (or  Chasmatopnea)  may  be  placed  in  opposition 
to  the  Pleuropterygii,  Acanthodii,  Ichthyotomi,  and  Euselachii, 
which  form  the  group  Trematopnea,  from  which  they  differ  in 
certain  features  of  specialization.  The  essential  characters  of  the 
two  groups  may  be  contrasted  as  follows: 

Trematopnea  Chasmatopnea 

Gill-clefts    opening    directly    to  the  Gill-clefts   opening  into  a  chamber 

exterior.  with  a  single  external  aperture. 

Pterygo-quadrate  distinct  from  the  Pterygo-quadrate    fused    with    the 

cranium.  cranium. 

The  Chasmatopnea  are  clearly  modified  Trematopnea,  and  the 
présence  of  mixopterygia  évidences  relationship  between  the  Holo- 
cephali, Ichthyotomi,  and  Euselachii,  but  a  comparison  of  some  of 
the  essential  characters  of  thèse  orders  shows  that  the  first  is  not 
derived  from  either  of  the  others,  but  that  ail  three  originated  from 
the  same  stock. 

Thus,  in  the  structure  of  the  pectoral  fins  the  Holocephali  are 
more  primitive  than  the  Ichthyotomi,  since  the  anterior  radiais 
retain  their  attachment  to  the  pectoral  arch. 

>  Regan,  Proc.  Zoôl.  Soc,  1906,  pp.  722-758. 

^  Dean,  Chimoeroid  Fishes  and  their  Development,  1906. 
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In  many  ways  the  Holocephali  are  more  primitive  than  the  Euse- 
lachii  and  we  may  especially  note: 

Holocephali  Euselachii 
• 

The  hyoid  arch  is  essentially  similar  The  hyoid  arch  is  modified  in  con- 

to  the  succeeding  branchial  arches;  the  nection    with    the    suspension    of    the 

pharyngo-hyal    is    well-developed   and  jaws  ;   the  pharyngo-hyal  is  absent  and 

the  hyomandibular  is  not  attached  to  the  hyomandibuiar  is  articulated  to  the 

the  eranium.  cranium. 

The  pelves  remain  separate.  The  pelves  unité  to  form  a  single 

The  skeleton  of  the  mixopterygium  cartilage. 

consists  of  an  axial  cartilage,  without  The  skeleton  of  the  mixopterygium 

marginal  or  separate  terminal  cartil-  consists  of  an  axial  cartilage  and  of  a 

âges.  pair  of  marginal  cartilages,  to  which  a 

number  of  terminal  pièces  are  articu- 
lated. 

We  may  note  that  the  cestraciont  sharks  are  true  Euselachii, 
possessing  the  above-mentioned  peeuHarities,  and  that  they  are  by 
no  means  generaUzed  is  shown  by  the  wide  divergence  in  structure 
of  the  dorsal  and  pectoral  fins  from  the  primitive  euselachian  type 
retained  in  the  Scyliorhinidse.^ 

An  analysis  of  the  characters  which  hâve  been  supposed  to  give 
évidence  of  affinity  between  the  cestracionts  and  the  Holocephali 
only  gives  further  support  to  the  view  that  they  are  not  related. 

Thus,  it  has  been  asserted  that  there  are  resemblances  in  the 
dentition.  But  it  is  pretty  clear  that  the  chimaeroid  tooth-plate  is 
a  compound  structure,  and  consists  of  a  number  of  séries  of  teeth 
imbedded  in  a  Connecting  matrix,^  a  very  différent  thing  from  the 
cochliodont  tooth-plate,  which  is  formed  by  the  direct  fusion  of  the 
teeth  of  on€  or  more  séries. 

The  dorsal  fîn-spines  of  the  Holocephali  and  cestracionts  hâve 
been  compared,  but  it  seems  very  improbable  that  they  are  homol- 
ogous.  The  cestraciont  fîn-spine  appears  to  be  an  enlarged  dermal 
denticle,^  but  the  chimaeroid  fin-spine  probably  results  from  the 
calcification  and  fusion  of  the  dermal  structures  of  the  anterior 
edge  of  the  fin. 

The  broad  prse-orbital  articulation  of  the  pterygo-quadrate  with 
the  cranium  in  Cestracion  has  been  considered  as  a  step  towards 
the  "  holocephalous  "  type,  but  the  structure  of  the  hyoid  arch  shows 
that  the  condition  in  Cestracion  is  a  modified  "hyostyly,"  in  the 
chimseroids  a  modified  "protostyly."  ^ 

'  Regan,  t.  c,  pp.  727-732,  742-743,  748. 

2  Dean,  o.  c,  pp.  118-127. 

^  Mayer  {Mittheil.  Zool.  Stat.  Neapel,  6,  1885,  p.  280),  notes  and  figures  two 
stages  in  the  development  of  the  dorsal  fin-spine  in  the  Squalidse,  which  differ 
considerably  from  the  chimaeroid  stages  figured  by  Dean  (o.  c.  figs.  85-92  and 
pi.  IX,  fig.  50),  se  that  embryology  bears  out  the  conclusion  formed  by  compar- 
ison  of  the  adult  structures,  that  the  dorsal  fin-spines  of  chimaeroids  and  squaloids 
are  not  homologous. 

*  Dean,  o.  c,  p.  129. 


NOTES   ON   THE    CLASSIFICATION    OF   THE   TELEOS- 

TEAN    FISHES 

C.  TAXE  REGAN 

In  the  introduction  to  the  third  volume  of  his  Catalogue  of 
Fossil  Fishes  Smith  Woodward  writes:  "As  soon  as  six  impor- 
tant modifications  had  simultaneously  affected  ttie  Chondrostean 
skeleton,  another  vigorous  race  arose  and  a  new  impetus  seems  to 
hâve  been  given  to  variation.  Thèse  changes  comprised  (1)  the  al- 
most  complète  atrophy  of  the  upper  caudal  lobe;  (2)  the  réduction 
of  the  dorsal  and  anal  fin-rays  to  exactly  the  same  number  as  their 
supports  ;  (3)  the  disappearance  of  the  infraclavicular  plates  ;  (4)  the 
loss  of  the  pelvic  baseosts;  (5)  the  subdivision  of  the  hinder  expan- 
sion of  the  maxilla  ;  ^  and  (6)  the  withdrawal  of  the  prœoperculum 
from  its  extension  over  the  cheek."  I  quote  this  passage  because  I 
regard  the  sub-class  Teleostei  as  comprising  the  fishes  of  that  new 
race  which  arose  in  the  Upper  Permian  and  their  descendants. 

Although  some  authors  still  recognize  the  Holostei  and  Teleostei 
as  distinct  groups  they  find  no  little  difficulty  in  defining  them,  and 
in  my  opinion  it  is  undesirable  to  make  a  break  in  the  séries. 

The  Teleostei  may  be  defined  then  as  teleostomatous  fishes  of 
the  actinopterygian  séries  (i.  e.,  with  non-lobate  paired  fins  and  with 
the  branchiostegal  rays  typically  présent  and  never  completely  re- 
placed  by  a  pair  of  gular  plates)  with  homocercal  or  abbreviate 
heterocercal  caudal  fin,  with  each  dorsal  and  anal  fin-ray  inserted 
on  a  separate  endoskeletal  support,  with  the  pelvic  fin-rays  inserted 
directly  on  the  pelvic  bones,  and  with  the  clavicle  (infraclavicle)  no.t 
distinct  from  the  cleithrum  (clavicle).  Before  proceeding  to  the 
classification  of  the  Teleostei  it  may  be  useful  to  discuss  the  value  of 
certain  characters  which  may  be  used  in  diagnosing  the  primary 
groups. 

It  is  often  considered  that  when  the  members  of  a  homologous 
séries  are  numerous  it  is  évidence  of  generalization,  so  that  fishes 
with  a  large  number  of  vertebrre,  of  branchiostegal  rays,  of  pectoral 
pterygials  or  of  fin-rays  hâve  been  regarded  as  more  primitive  than 
those  which  hâve  a  smaller  number.     In  the  case  of  the  vertébral 

*  It  seems  more  probable  that  one  or  two  of  the  adjacent  cheek  bones  be- 
came  attachée!  to  the  distal  extremity  of  the  maxilla,  than  that  the  latter  be- 
came  sub-divided. 
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column  Boulenger  has  shown  conclusivcly  that  in  many  cases  a 
large  number  of  vertebrœ  is  due  to  specialization  and  that  the  most 
primitive  percoids,  pleuronectids,  etc.,  are  those  with  only  twenty-four 
vertebrcTe.  As  a  rule  a  large  number  of  branchiostegal  rays  seems  to 
be  a  l'eature  of  généralisation,  but  in  Salmo  and  Oncorhynchus  one 
suspects  that  this  may  not  apply.  The  larger  number  of  pectoral 
pterygials  in  the  Apodes  has  led  some  authors  to  think  that  this 
group  cannot  be  derived  from  the  Malacopterygii,  but  the  évidence 
in  the  Anacanthini  that  the  number  of  pectoral  pterygials  has 
increased  is  so  clear,  the  most  primitive  genus,  Gadomus  (with  per- 
forate  scapula),  having  only  three,  whilst  the  most  specialized,  Murœ- 
nolepis,  has  ten,  that  we  need  not  attach  importance  to  this  char- 
acter  in  looking  for  the  ancestors  of  the  eels.  It  can  easily  be  shown 
that  the  dorsal  and  anal  rays  hâve  increased  in  numl)er  in  varions 
groups.  Boulenger  has  called  attention  to  the  importance  of  the 
number  of  rays  in  the  pelvic  fins  in  the  teleostean  fishes.  He  be- 
lieves  that  a  large  number  of  pelvic  fin-rays  always  indicates  general- 
ization,  and  the  facts  usually  support  this  view.^  The  typical  per- 
coids hâve  each  pelvic  fin  composed  of  a  spine  and  five  branched 
rays  and  there  is  not  a  single  instance  of  a  fish  which  can  be  regarded 
as  a  modified  percoid  which  has  a  larger  number,  Moreover,  fishes 
which  were  formerly  regarded  as  more  or  less  closely  related  to  the 
percoids,  but  which  hâve  a  larger  number  of  pelvic  fin-rays,  hâve 
been  found  to  possess  other  characters  which  show  their  lower  position. 
There  can  be  no  doubt  that  the  pelvic  fins  were  originally  ab- 
dominal in  position  and  that  in  the  course  of  évolution  they  hâve 
moved  forwards  until  finally  the  pelvic  bones  hâve  become  directly 
attached  to  the  clavicles.  In  defining  primary  groups  the  position  of 
the  pelvic  fins  may  hâve  a  considérable  importance:  thus,  in  the 
Malacopterygii,  the  pelvic  bones  are  remote  from  the  clavicles,  in  the 
Anacanthini  near  the  clavicles  and  attached  to  them  by  ligament,  in 
the  Percomorphi  directly  attached  to  the  clavicles.  But  in  some 
cases  thèse  three  conditions  are  found  in  a  single  order,  as  in  the 
Labyrinthici  and  Berycomorphi  where  we  hâve  : 

Pelvic  bones  remote     Pelvic  bones  at-     Pelvic  bones  directly 
Order:  from  the  clav-        tached  to  the  clav-      attached  to  the 

icles:  icles  by  ligament  :         clavicles: 

Labyrinthici  Ophiocephalus  Anabas  Osphromenus 

Berycomorphi  Polymixia  Holocentrum  Trachichthys 

In  most  teleosts  the  vertébral  centra  are  solid  and  co-ossified 
with  the  arches,  but  in  Amia,  the  most  primitive  type  with  complète 
centra,  the  centra  and  arches  are  quite  distinct.     The  development 

'  Since  this  was  written  I  hâve  become  acquainted  with  an  undoubted  in- 
stance of  specialization  resulting  in  an  increased  number  of  pelvic  fin-rays,  viz., 
the  Bornean  homalopterid  Gastromyzon. 
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shows  that  the  bases  of  the  arches  are  already  cartilaginous  when  the 
tissue  between  them  and  surrounding  the  chordal  sheath  is  undifïer- 
entiated  and  that  they  remain  cartilaginous  after  the  centra  hâve 
been  formed  by  ossification  of  this  tissue.  In  many  Malacopterygii, 
Haplomi  and  Heteromi  the  arches  and  centra  remain  distinct,  the 
ventral  arches  in  the  prœcaudal  région  being  the  last  to  lose  their 
individuality  by  co-ossification  with  the  centra.^ 

The  significance  of  some  other  chara'cters  used  in  defining  primary 
groups,  such  as  the  présence  or  absence  of  a  splenial,  an  endochon- 
dral  supra-occipital  ossification,  a  mesocoracoid,  a  pneumatic  duct,  is 
so  évident  that  discussion  is  unnecessary.  The  absence  of  spinous 
fin-rays  and  the  meeting  of  the  parietals  in  the  middle  line  may  be  held 
to  indicate  generalization  (c.  g.,  Elopidœ)  or  specialization  (e.  g., 
Fierasferidœ)   according  to  the  group  dealt  with. 

The  method  of  arranging  the  teleostean  fishes  in  a  few  large 
primary  groups  has,  in  my  opinion,  failed,  inasmuch  as  thèse  groups 
are,  in  many  cases,  neither  natural  nor  definable.  I  am  therefore 
inclined  to  recognize  a  considérable  number  of  primary  groups, 
which  may  be  caïled  orders  of  the  sub-class  Teleostei  ;  but  I  should 
like  at  once  to  say  that  whether  thèse  groups  are  given  a  higher  or 
lower  rank  than  orders  is  of  very  little  importance.  Some  syste- 
matists  hâve  a  conception  of  an  idéal  classification,  in  which  ail  the 
orders  in  the  zoological  System  will  be  équivalent,  i.  e.,  equally  well 
defined  by  cliaracters  of  equal  value.  This  idéal  is  a  false  one, 
because  such  a  classification  can  never  express  the  facts  as  they 
really  are.  When  we  are  dealing  with  a  modem  dominant  group, 
as  for  example  the  fishes  of  the  order  Percomorphi,  the  arrange- 
ment and  définition  of  the  numerous  component  familles  and  sub- 
families  is  quite  another  problem  to  that  of  defining  and  classifying 
the  sharks  of  the  order  Pleurotremata.  Thèse  groups  hâve  the 
same  rank,  but  they  are  not  équivalent,  nor  can  it  be  contended  that 
the  orders  of  mammals  are  équivalent  to  those  of  birds.  Moreover, 
whether  we  take  the  view  that  ail  the  black-spotted  trout  of  the 
Pacific  slope  of  North  America  are  a  single  species  or  whether  we 
regard  them  as  belonging  to  a  large  number  of  species,  it  is  a  fact 
that  in  neither  case  is  our  species  of  trout  in  the  least  équivalent  to  a 
species  of  such  gênera  as  Centropomus  or  Beryx, 

This  matter  can  be  argued  in  another  way:  the  complète  union 
of  the  lower  pharyngeals  in  Sciœnoid  'pogonias  characterizes  the 
genus,  in  the  Labridse  the  family,  in  the  Synentognathi  the  order; 
the  same  character  has  a  différent  value  in  différent  groups. 

In  my  classification  of  the  selachians  I  follow  the  plan  of  giv- 
ing  appropriate  names   to  the  sub-classes  and  orders,  without  re- 

*  Gadow's  term  "arco-centrous,"  which  implies  that  the  centra  are  derived 
from  the  arches,  seems  to  be  the  expression  of  a  theoretical  conception  rather  than 
of  the  facts  of  the  case. 
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gard  to  the  tcrmination,  whilst  the  names  of  the  sub-ordcrs  are  given 
the  termination  -oidei.  The  same  method  may  be  adopted  for  the 
bony  fishes,  with  the  addition  of  the  termination  -formes  for  super- 
families  when  it  is  necessary  to  recognize  them,  a  plan  ah'eady 
foreshadowed  by  Jorthin  and  Evermann,  who  speak  of  "Spariform 
Percoids"  in  their  work  on  the  Fishes  of  North  America. 

A   SYNOPSIS    OF    THE    ORDERS    OF    THE   SUB-CLASS 
TELEOSTEI  ' 

I.  SPLENIAL   WELL   DEVELOPED. 

Endochondral. 

Vertébral  centra,  if  developed,  incomplète,  or,  at  least, 

alternating  pleuro-centra  and  hypo-centra  in  the 

caudal  région 1.  Protospondyli. 

Vertébral  centra  complète;    no  separate  pleuro-centra 

and  hypo-centra 2.    .^thiospondyli. 

II.  NO   SPLENIAL:  A    SUPRAOCCIPITAL. 

A.  A  mesocoracoid  usually  présent. 

No  Weberian  ossicles      3.  Malacopterygii. 

Weberian  ossicles  présent 4.  Ostariophysi. 

B.  No  mesocoracoid. 

1.  Physostomous.^ 

a.  Body  eel-shaped;  no  pelvic  fins;  no  sep- 

arate caudal  fin. 

Prsemaxillaries  normally  developed 5.  Symbranchii. 

Prsemaxillaries  absent,  or,  if  présent,  small  and  sutu- 

rally  united  to  the  vomer 6.  Apodes. 

b.  Body  not  eel-shaped  ;  caudal  fin  distinct  ; 

no  spinous  fin-rays  ^ 7.  Haplomi. 

2.  PHySOCLISTIC.^ 

a.   No  orbitosphenoid  ;    pelvic  bones,  if  présent,  posterior  to 
the  clavieles  and  not  directly  attached  to  them.^ 

a.   Parietals    meeting    in    front    of    the 

supra-occipital 8.  Heteromi. 

*  This  Synopsis  was  put  together  from  my  notes  in  July,  1907,  and  has 
since  been  pùblished  in  an  emended  and  extended  form  {Ann.  Mag.  Nat.  Hist. 
(S)  III,  pp.  75-86,  1909),  to  which  the  reader  is  referred  for  additions  and  cor- 
rections.    C.  T.  R.     December,  1909. 

-  It  has  recently  been  shown  that  some  Cj-prinodontidse  are  physoclistic. 

^  The  Chiasmoclontidœ,  which  hâve  a  well-developed  spinous  dorsal  fin,  are 
perhaps  related  to  the  Scopelidae.  When  their  anatomy  is  known  they  will  prob- 
ably  form  a  separate  sub-order. 

*  Beryx  and  Holocentrum  are  said  to  be  physostomous. 

*  The  pelvic  bones  acquire  a  direct  attachment  to  the  clavieles  in  the  Os- 
phromenidse,  which  are  shown  by  other  characters  to  be  related  to  fishes  with 
abdominal  pelvic  fins. 
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/S.    Parietals  separated  by  the  supraoccipital. 

*  Lower  pharyngeals  fully  united  .    .       9.  Synentognathi. 
**  Lower  pharyngeals  separate. 
t  Some  osseous  dermal  plates  on  the  body. 

Mouth  terminal;    jaws  with  teeth;    snout  conical  or 

tubiform ;  on  each  side  a  large  dermal  plate,  which, 

in  the  adult,  is  co-ossified  with  the  coracoid  ...      10.  Thoracostei. 
Mouth  terminal,  toothless;  snout  tubiform;  gills  pecti- 

nate;  anterior  vertebrœ  elongate IL  Solenichthyes. 

Mouth     terminal,     toothless;     snout    tubiform;     gills 

lobate,  the  fringes  reduced  in  number  and  thick- 

ened;  anterior  vertebrse  not  elongate      12.  Lophobranchii. 

Mouth  inferior 13.  Hypostomides. 

tt  No  dermal  armor  on  the  body. 

X  Caudal  fin  présent,  homocercal. 

Anterior  rays  of  dorsal  and  anal  spinous;    no  supra- 
branchial  organ;    pelvic  fins  without  spines,  each 

of  7  to  9  rays 14.  Salmopercse. 

A  spinous  dorsal  ;  no  supra-branchial  organ;  each  pel- 
vic fin  of  a  spine  and  5  branched  rays 15.  Percesoces. 

A  supra-branchial  organ 16.  Labyrinthici. 

No  fin-spines;   no  supra-branchial  organ;   skeleton  in 

great  part  cartilaginous 17.  Malacichthyes. 

Xt  No  homocercal  caudal  fin;  no 
spinous  fin-rays  (except  some- 
times  the  first  of  the  dorsal)  ; 
skeleton  well  ossified     ....      18.  Anacanthini. 

b.  No   orbitosphenoid  ;    pelvis    cartilaginous,   articulating  with 

a  cartilage  which  is  embraced  by  the    clavicles;    pectoral 
pterygials  represented  by  a  cartilaginous  plate, 

19.  Chondrobrachii. 

c.  An   orbitosphenoid  ;    pelvic   bones   not   always   directly   at- 

tached  to  the  clavicles  ;   pelvic  fin-rays  often  numerous. 

Maxillary  attached  near  its  proximal  end  to  a  process 

of  the  palatine 20.  Berycomorphi. 

Maxillary  free,  protractile      21.  AUotriognathi.' 

d.  No  orbitosphenoid;    pelvic  bones,  if  présent,  directly  at- 

tached to  the  clavicles. - 
a.    Pectoral  arch  attached  to  the  cranium. 

*  Cranium  symmetrical  ;  each  pelvic  fin  of 
a  spine  and  usually  more  than  5 
branched  rays 22.  Zeomorphi. 

**  Cranium  asymmetrical 23.  Heterosomata. 

***  Cranium  symmetrical  ;  each  pelvic  fin  of 
a  spine  and  5  branched  rays  or  still 
further  reduced. 

'  Stylophorus  ha«  usually  been  placed  near  Trachypterus.  E.  C.  Starks  tells 
me  that  he  will  shoriiy  publish  an  accoimt  of  the  anatomy  of  this  littlc  known 
genus,  which  he  will  make  the  type  of  a  distinct  sub-order. 

-  Except  in  the  Trichiuridœ  and  Tetragonuridœ,  in  which  the  indirect  attach- 
ment  is  assumed  to  be  due  to  degeneration. 
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t  Pelvic  fins  thoracic  or  jugiilar;  pe- 
culiarities  of  following  orders 
not  founcl  in  combination     .   .     24.  Percomorphi. 

tt  Pelvic  fins  thoracic. 

Anterior  dorsal  modified  to  form  an  oval,  transversely 

laminated  disk,  situated  on  the  head 25.  Discocephali. 

No  ribs;  post-temporal  short,  simple,  and  suturally 
united  to  the  supra-temporal  (pterotic)  or  else  co- 
ossified  vvith  it;  gill-openings  reduced 26.  Plectognathi. 

ttt  Pelvic  fins  jugular;  no  ribs;  post- 
temporal short,  simple,  and  sut- 
urally united  to  the  cranium; 
pectoral  pterygials  elongate  ; 
gill-openings  reduced 27.  Pediculati, 

/S.  Pectoral  arch  attached  to  the  ver- 
tébral column 28.  Opisthomi. 


Orders  1  and  2.     Protos^ondyli  and  iETHiospoNDYLi 

The  teleosteans  with  a  well-developed  splenial  must  be  first  con- 
sidered  and  then  are  divided  by  Smith  Woodward  into  two  groups, 
ProtospondyH  and  vEthiospondyli. 

Orders  3  and  4.    Malacopterygii  and  Ostariophysi 

In  the  remaining  Teleostei  a  supra-occipital  is  présent  and  the  lower 
jaw  consists  of  two  or  three  éléments  only,  the  dentary  and  articulare, 
usually  with  the  addition  of  an  angulare.  The  Malacopterygii  and  Os- 
tariophysi, which  agrée  in  possessing  a  mesocoracoid,  appear  to  be  nat- 
ural  and  well-defined  groups  and  need  no  further  notice  hère. 

The  problem  in  teleostean  classification  is  to  ascertain  the  relation- 
ships  and  to  arrange  in  a  satisfactory  manner  the  fishes  which  hâve  lost 
the  mesocoracoid. 

Orders  5  and  6.     Symbranchii  and  Apodes 

The  eels  may  be  taken  first,  and  thèse  are  arranged  by  Boulenger  in 
two  sub-orders,  Symbranchii  and  Apodes.  Gill,  however,  would  re- 
move  from  the  latter  the  Derichthyidse  and  Saccopharyngidœ  as  sep- 
arate  groups,  Carencheli  and  Lyomeri.  I  hâve  not  been  able  to  examine 
the  former,  but  the  latter  certainly  appear  to  be  related  to  the  Synapho- 
branchidfe  and  Muraenidse,  with  which  they  agrée  in  some  important 
characters,  such  as  the  réduction  of  the  suspensorium,  only  the  hyoman- 
dibular  and  quadrate  persisting. 

Order  7.     Haplomi 

Whether  the  Haplomi  is  or  is  not  a  natural  group  is  an  open  question, 
The  Galaxiidse  and  Haplochitonidse  difîer  from  the  Esocidae  in  that  the 
parietals  meet  in  the  middle  line,  but  resemble  them  in  other  characters 
which  appear  to  indicate  relationship,  notably  in  the  primitive  structure 
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of  the  vertébral  eolumn,  in  whieh  the  centra  are  distinct  from  the 
arches.' 

The  Dalliidîie  differ  from  the  Esocidpe  in  the  peculiar  structure  of  the 
pectoral  arch,  but  resemble  them  so  closely  in  other  respects  that  they 
must  be  placed  in  the  same  order. 

The  more  generalized  scopeloids  (Aulopus)  do  not  seem  to  be  very 
remote  from  the  preceding  familles,  and  the  relationship  of  the  Cyprino- 
dontidae  to  the  Esocidse  is  generally  recognized. 

The  anatomy  of  Stephanoberyx  is  unknown,  but  extemally  it  bears  a 
great  resemblance  to  Melamphses. 

In  my  opinion  it  is  by  no  means  certain  that  either  of  thèse  gênera  is 
related  to  the  Berycidœ  and  when  a  study  of  the  anatomy  has  been  made 
it  may  be  necessary  to  form  a  new  order  for  the  Stephanoberycidœ  and 
Melamphaidîe. 

Order  8.     Heteromi 

The  discovery  of  an  intermediate  family,  the  Lipogenyidfe,  has  in- 
duced  Boulenger  to  unité  the  Heteromi  (Halosauridje)  and  Lyopomi 
(Notacanthidre)  of  Gill  under  the  former  name.  Comparison  of  the  skele- 
tons  of  Halosaurus  and  Notacanthus  shows  that  they  are  certainly  related, 
since  they  show  agreement  in  many  ways.  The  vertébral  eolumn  com- 
prises numerous  vertebrœ;  the  centra  are  incompletely  ossified  and  in 
the  praecaudal  région  there  are  downwardly  directed  parapophyses  which 
are  not  co-ossified  with  the  centra;  a  séries  of  epineurals  is  developed. 
The  cranium  is  much  more  depressed  in  Halosaurus  than  in  Notacanthus, 
but  resembles  it  in  ail  essential  features  :  the  parietals  meet  in  the  middle 
line,  the  large  supra-temporal  (pterotic)  extends  forward  to  the  frontal, 
there  is  no  opisthotic,  orlDitosphenoid,  basisphenoid,  or  alisphenoid,  and 
the  laterally  placed  post-frontal  extends  downwards  to  the  parasphenoid 
in  front  of  the  pro-otic.  The  pectoral  arch  in  both  gênera  has  the  post- 
temporal simple  or  ligamentous,  the  scapula  lamellar  and  imperforate, 
the  mesocoracoid  absent,  and  the  pterygials  normal. 

Boulenger  has  also  placed  the  Fierasferidse  in  the  Heteromi,  chiefiy 
because  the  parietals  are  not  separated  by  the  supra-occipital.  The 
osteology  of  Fierasfer  will  be  described  further  on,  but  it  may  be  noted 
hère  that  the  meeting  of  the  parietals  in  this  genus  is  certainly  a  feature 
of  specialization  and  that  its  relations  are  with  the  Ophidiidae  and  not 
with  the  Heteromi. 

Order  9.    Synentognathi 

The  absence  of  a  pneumatic  duct  and  the  complète  union  of  the 
lower  pharyngeals  serve  to  distinguish  this  sub-order  from  the  Haplomi, 
but  a  pretty  strong  case  could  be  made  out  for  re-uniting  them,  as  the 
Scombresocidœ  appear  to  be  related  to  the  Cyprinodontidfe,  and  récent 
researches  hâve  shown  that  some  members  of  the  latter  family  are  physo- 
clistic  and  that  others  hâve  the  lower  pharj'ngeals  suturally  united. 

'  Since  this  was  written  I  hâve  been  able  to  show  that  the  Galaxiidae  and 
Hoplochitonidse  are  Salmonoids,  and  I  hâve  arranged  the  remainder  of  thèse 
fishes  in  three  orders,  viz.,  Haplomi,  Iniomi  and  Microcyprini. 
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The  supposed  relationship  of  the  Scombresocida?  to  the  Atherinida"  is 
based  on  a  number  of  resemblances  which  do  not,  in  my  opinion,  indicate 
affinity.  The  Percesoces  are  more  speciaHzed  than  the  Sconihrcsocidœ  in 
that  spinous  fin-rays  are  developed,  and  the  features  in  whieh  the  Atheri- 
nidte  approximate  to  the  Scombresocidtie  appear  to  hâve  been  evolved 
within  the  order  Percesoces  rather  than  to  be  those  of  the  prototype  of 
the  group. 

Order  10.    Thoracostei  * 

The  diagnostic  character  of  this  group,  which  may  be  related  to  the 
Scombresocidfe,  is  the  présence  of  a  large  dermal  plate  on  each  side, 
which  in  the  adult  is  co-ossified  with  the  coracoid  and  anteriorly  united 
by  suture  to  the  clavicle.  There  are  two  well-marked  divisions,  Gas- 
trosteoidei  and  Aulostomatoidei. 

Order  11.    Solenichthyes 

Apparently  related  to  the  Thoracostei,  but  on  each  side  a  séries  of 
plates  takes  the  place  of  the  single  dermal  plate  of  the  latter.  1  he  sub- 
order  is  easily  defined  by  a  number  of  additional  features,  of  which  the 
most  striking  is  the  elongation  of  the  anterior  vertebr»,  which  bear 
strong  transverse  processes  supporting  exoskeletal  plates.  There  are 
two  familles,  Centriscidse  and  Amphisilidse. 

Order  12.     Lophobranchii 

This  group  appears  to  be  derived  from  the  same  stock  as  the  preced- 
ing,  with  which  it  agrées  in  the  tubiform  snout,  terminal  toothless  mouth, 
and  the  présence  of  a  considérable  amount  of  dermal  armor.  Two  well- 
marked  sub-orders  may  be  recognized,  the  first,  Solenostomoidei,  show- 
ing  considérable  resemblance  to  Centriscus  in  the  fin-structure.  I  hâve 
examined  a  spécimen  of  Solenostomus.  The  membrane  bones  of  the 
pectoral  arch  are  a  trifurcate  post-temporal,  loosely  attached  to  the  cra- 
nium,  a  supra-clavicle,  and  a  clavicle.  The  pterygials  are  four  in  number, 
rather  large,  but  very  thin  and  similar  to  those  of  Syngnathus  as  figured  by 
Parker.  The  prtecaudal  vertebrœ  hâve  short  transverse  processes  and 
the  caudal  vertebrœ  are  much  abbreviated;  ribs  are  absent.  The  gill- 
fringes  are  reduced  in  number  and  thickened.  The  dermal  armor  is  in 
the  form  of  stellate  ossifications. 

The  Syngnathoidei  difïer  in  a  number  of  features,  mostly  of  special- 
ization.  The  single  dorsal  fin  has  a  short  base  but  a  comparatively 
large  number  of  rays.  The  elongate  body  is  enclosed  in  bony  rings  and 
the  head  is  capable  of  considérable  movement  in  the  vertical  plane,  the 
occipital  condyle  being  convex.  The  post-temporal  is  simple,  there  is  no 
supra-clavicle  and  the  clavicle  is  attached  to  the  expanded  transverse 
process  of  the  first  vertebra.  The  prpecaudal  vertebrse  hâve  strong 
transverse  processes.  The  gill-fringes  are  still  further  reduced  to  a  few 
rounded  lobes  and  the  gill-openings  are  small. 

*  Following  Jungersen,  I  hâve  now  removed  the  Aulostomatoidei  from  the 
Thoracostei,  and  hâve  added  them,  as  well  as  the  Lophobranchii,  to  the  Solen- 
ichthyes. 
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Order  13.     Hypostomides 

I  hâve  not  had  the  opportunity  of  making  an  extended  study  of  the 
anatomy  of  this  group,  but  I  hâve  ascertained  that  the  pelvic  bones  are 
quite  remote  from  the  clavicles,  and  I  suppose  that  the  rather  striking 
resemblances  to  some  of  the  Scorpaenoidei  are  not  due  to  relationship. 

Order  14.    Salmopercae 

In  the  gênera  Percopsis,  Columbia,  and  Aphredoderus  the  anterior 
one  to  three  rays  of  the  dorsal  and  anal  fins  are  spinous,  the  pelvic  fins 
hâve  no  spines  and  are  plaeed  not  far  behind  the  pectorals;  each  is 
formed  of  seven  or  eight  articulated  rays. 

I  hâve  dissected  spécimens  of  ail  thèse  gênera  without  finding  the 
pneumatic  duct  which  is  said  to  be  présent,  and  in  order  that  there  should 
be  no  doubt  I  asked  Dr.  W.  G.  Ridewood  to  examine  a  spécimen  of 
Columbia  transmontana,  which  he  very  kindly  did  and  failed  to  find  any 
trace  of  a  pneumatic  duct. 

Comparison  of  the  skeletons  of  Percopsis  and  Columbia  with  that  of 
Aphredoderus  shows  that  they  are  very  closely  related.  The  vertebrœ 
number  thirty  to  thirty-six  ;  the  centra  are  solid  and  co-ossified  with  the 
arches;  most  of  the  praecaudals  hâve  transverse  processes  to  which  the 
ribs  are  attaclied.  The  parietals  are  separated  by  the  supra-occipital 
and  there  is  no  orbitosphenoid  ;  occipital  and  pariétal  crests  are  wanting, 
but  the  f routais  and  nasals  form  a  more  or  less  prominent  médian  crest  ; 
other  distinctive  cranial  features  are  not  évident.  The  post-temporal  is 
forked,  the  scapula  perforate,  the  mesocoracoid  wanting,  the  pterygials 
normal,  four  in  number,  three  of  them  inserted  on  the  scapula. 

The  relations  of  the  Salmopercfe  are  not  clear;  they  are  probably 
derived  from  primitive  scopeloids  such  as  the  Aulopidœ. 

Order  15.    Percesoces 

The  Percesoces  may  be  defined  by  the  présence  of  a  spinous  dorsal, 
the  abdominal  pelvic  fins  each  formed  of  a  spine  and  five  branched  rays, 
and  the  absence  of  the  peculiarities  of  related  groups.  Contrary  to  what 
has  usually  been  supposed,  the  Polynemidse  are  more  closely  related  to 
the  Sphyrsenidae  than  to  the  Mugilidse,  as  is  shown  in  the  subjoined 
synopsis  of  the  familles. 

I.  A  latéral  line;  pectoral  fins  plaeed  low.  Cranial  crests  well  devel- 
oped  (Polynemidje)  or  vestigial  (Sphyrtenidee).  Exoccipitals 
meeting  above  basi-occipital  ;  alisphenoids  meeting.  Supra- 
clavicle  moderate.  Parapophyses,  when  developed,  downwardly 
directed.  Twenty-four  vertebrœ. 
Pectoral  fin  normal;   parapophyses  on  posterior  prseeaudals  only. 

1 .  Sphy rsenidœ 
Pectoral  fin  of  two  parts,  the  lower  of  detached  filamentous  rays  ;   ptery- 
gials represented  by  a  plate  attached  to  the  edge  of  the  scapula 
and  coracoid;  parapophyses  from  the  third  vertebra. 

2.  Polynemidse 
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II.  Latéral  Une  incomplète  or  absent  ;  pectoral  fins  usually  placed  high. 
No  cranial  crests;  exoccipitals  separate;  alisphenoids  separate. 
Supraclavicle  small.  Parapophyses  well  developed,  anteriorly 
nearly  horizontal. 

24  to  26  vertebrœ     . 3.   INIufrilidae 

32  to  60  vertébrée 4.   Atherinidae 

Boulenger  includes  several  other  familles  in  the  Percesoces.  Of  thèse 
the  Scombresocidse  appear  to  me  to  be  more  correctly  placed  near  the 
Cyprinodontidce  ;  the  Ammodytidîe  are  certainly  allied  to  the  Perco- 
phidiidae;  the  Chiasmodontidœ  is  made  up  of  three  gênera,  Chiasmodus, 
Pseudoscopelus,  and  Champsodon,  the  first  two  of  which  do  not  appear 
to  be  related  to  the  last  and  none  of  them  to  the  Percesoces.  The  anat- 
omy  of  Chiasmodus  and  Pseudoscopelus  is  unknown,  but  in  spite  of  the 
présence  of  a  well-developed  spinous  dorsal  I  believe  that  they  are  re- 
lated to  the  Scopelidje.  Champsodon  has  the  pelvic  fins  jugular  in  posi- 
tion and  the  pelvic  bones  directly  attached  to  the  clavicles;  the  skeleton 
indicates  relationship  with  the  Parapercididse.  The  Stromateidœ  and 
Tatragonuridae,  characterized  by  the  présence  of  latéral  diverticula  of  the 
œsophagus,  paired  muscular  sacs,  with  internai  papillœ  which  are  usually 
toothed,  should  probably  be  placed  in  the  Percomorphi. 

The  remaining  familles  which  hâve  been  associated  with  the  Perces- 
oces form  the  two  next  orders. 


Order  16.    Labyrinthici 

The  Labyrinthici  are  probably  related  to  the  Cyprinodontidse  and 
Scombresocidse,  the  absence  of  spinous  fin-rays  in  the  most  generalized 
form,  Ophiocephalus,  indicating  that  there  is  no  very  close  affinity  with 
tlie  Percesoces.  They  are  characterized  by  the  présence  of  a  supra- 
branchial  organ  and  by  the  great  development  of  the  air-bladder,  which 
extends  into  the  caudal  région,  where  it  is  supported  by  ribs. 

Boulenger  has  separated  the  Anabantidœ  and  Osphromenidae  widely, 
because  in  the  former  the  pelvic  bones  are  not  directly  attached  to  the 
clavicles,  whilst  in  the  latter  they  are. 

This  is  one  of  the  cases  which  show  that  the  fishes  with  the  pelvic 
bones  directly  attached  to  the  clavicles  do  not  form  a  natural  group. 
This  condition  has  certainly  been  attained  independently  in  several  différ- 
ent groups,  and  the  transition  from  fishes  with  pelvic  bones  remote  from 
the  clavicles  to  those  with  the  pelvic  bones  directly  attached  to  the  clavicles 
may  be  seen  in  the  présent  order  in  the  séries  Ophiocephalus,  Anabas, 
Osphromenus,  and  in  the  Ber}-comorphi  in  the  séries  PolymLxia,  Holo- 
centrum,  Trachichthys. 

Jordan  regards  the  Ophiocephalidee  as  degraded  Anabantidse,  but 
there  can  be  little  doubt  that  évolution  has  been  in  the  contrary  direction, 
the  former  family  showing  generalization  in  the  absence  of  fin-spines,  the 
more  posterior  position  of  the  pelvic  fins  and  the  simple  structure  of  the 
supra-branchial  organ. 
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Order  17.    Malacichthyes 

The  Icosteidse  are  a  family  of  uncertain  relationships.  The  following 
account  is  based  on  an  example  of  Icosteus  enigmaticus.  There  are  no 
spinous  fin-rays  and  the  pelvic  fins  are  abdominal,  the  pelvic  cartilages 
being  quite  remote  from  the  clavicles.  The  skeleton  is  feebly  ossified  and 
the  supports  of  the  dorsal  and  anal  fins  are  well  separated  from  the 
neural  and  haemal  spines.  The  depressed  cartilaginous  cranium  is  pro- 
duced  forwards  to  the  ethmoid  région.  The  cartilage  ossifications  are  a 
mesethmoid,  a  basi-occipital,  a  supra-occipital,  and  paired  prœfrontals, 
post-frontals,  supra-temporals,'  alisphenoids,  pro-otics,  epiotics,  and  ex- 
occipitals  ;  thèse  are  whoUy  or  partly  separated  from  each  other  by  car- 
tilage. The  small  parietals  are  separated  by  the  supra-occipital;  on  the 
upper  surface  there  is  a  wide  cartilaginous  area  on  each  side  between  the 
pariétal  and  epiotic  on  the  one  hand  and  the  post-frontal  and  supra- 
temporal  on  the  other. 

The  vertébral  column  comprises  seventy  vertebrae  ;  the  ribs  are  feeble 
and  sessile. 

The  post-temporal  is  simple  and  attached  to  the  epiotic,  the  lower 
fork  being  represented  by  a  ligament.  The  post-clavicle  is  long  and 
slender.  The  pterygials,  four  in  number,  are  attached  to  the  cartilagi- 
nous plate  which  contains  the  small  and  widely  separated  scapular  and 
coracoid  ossifications. 

Order  18.     Anacanthini 

The  absence  of  spinous  fin-rays,  the  large  number  of  rays  in  the  pelvic 
fins  and  the  indirect  attachment  of  the  pelvic  bones  to  the  clavicles  are 
évidences  that  the  Anacanthini  are  much  more  generalized  than  the 
ophidioids,  near  which  they  hâve  been  placed  by  some  authors.  They 
are  perhaps  derived  from  generalized  scopeloids,  such  as  the  Aulopidse. 

Order  19.     Choxdrobrachii 

The  remarkable  genus  Podateles  (Ateleopus)  must  be  made  the 
type  of  a  separate  order.  There  are  no  spinous  fin-rays,  the  short 
dorsal  fin  is  placed  anteriorly,  and  the  long  anal  is  continuons  with  the 
caudal.  The  pelvic  fins  are  reduced  to  a  pair  of  filaments,  widely  sepa- 
rated and  jugular  in  position.  The  skeleton  is  principally  cartilaginous. 
The  cranium  has  a  large  fontanel  in  the  interorbital  région  ;  the  parietals 
are  separated  by  the  supra-occipital.  The  scapular  and  coracoid  ossifi- 
cations are  widely  separated  by  cartilage;  the  pterygials  are  represented 
by  an  undivided  cartilaginous  plate.  The  extremities  of  the  clavicles 
embraee  a  cartilage  to  the  lower  surface  of  which  the  pelvis  is  movably 
articulated  ;  the  latter  is  a  cartilaginous  plate  with  a  pair  of  long  posterior 
cornua. 

The  Chondrobrachii  show  resemblances  to  the  Malacichthyes  and 
the  Anacanthini.  It  seems  improbable  that  they  hâve  evolved  from  a 
type  with  the  pelvic  bones  directly  attached  to  the  clavicles  above  the 
symphysis,  as  in  the  blennioids. 

'  When  they  are  purely  cartilage  ossifications,  as  in  the  présent  case,  it  is 
perhaps  better  to  speak  of  parethmoids,  sphenotics  and  pterotics. 
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Order  20.    Berycomorphi 

It  is  usually  recognized  that  the  berycoid  fishes  are  very  generalized, 
as  is  shown  by  the  larire  nuinber  of  rays  in  tlie.])elvi('  fins,  the  persist- 
ence  of  the  j)neuniatic  duct  in  certain  gênera,  and  the  abunchmoe  of 
the  group  in  Cretaceous  tinies.  Starks  has  recently  shown  that  an  orbi- 
tosphenoid  bone  is  i)resent  in  the  berycoids,  but  wanting  in  other  Tele- 
osteans  which  hâve  lost  the  niesocoraeoid  (except  the  Allotriognathi). 
Exaniination  of  a  séries  of  spécimens  has  shown  me  that  only  the  Tm- 
chichthyida'  and  Monocentridiie  conform  to  Boulenger's  définition  of  the 
Acanthopterygii  in  having  the  pelvic  bones  directly  attachcd  to  the 
clavicles.  In  the  Holocentridie  and  Berycidœ  the  attachment  is  by 
Hgament,  and  in  the  PolymixiidîTc  the  pelvic  bones  are  quite  remote  from 
the  clavicles;  in  the  last-named  the  outermost  ray  of  the  pelvic  fin, 
although  simple,  is  not  spinous,  but  articulated.  In  many  species  of 
iSIyripristis  the  distal  part  of  the  maxillary  enters  the  gape  when  the 
mouth  is  widely  opened  and  bears  a  séries  of  true  teeth,  which  are  set 
in  sockets.  In  the  Polymixiidiv,  Berycidix^,  and  Holocentridse  there  are 
two  supra-maxillaries,  obviously  homologous  with  those  of  the  Clupeidse. 

Thèse  facts  lead  me  to  belle ve  that  the  resemblance  of  the  Cretaceous 
Clupeoids,  Ctenothrissa  and  Pseudoberyx,  to  the  berycoids  may  be  due 
to  real  affinity,  and  that  they  may  hâve  belonged  to  the  group  from 
which  the  berycoid  fishes  hâve  evolved. 

Pempheris  and  Bathyclupea,  which  resemble  Beryx  in  the  structure 
of  the  vertical  fins,  dift'er  from  it  in  several  ways,  especially  in  lacking 
an  orbitosphenoid,  and  in  having  each  pelvic  fin  formed  of  a  spine  and 
five  branched  rays,  and  the  pelvic  bones  directly  attached  to  the  clavicles. 
The  so-called  pneumatic  duct  of  Bathyclupea  appears  to  me  to  be  only 
a  strand  of  ligamentous  tissue,  and  I  should  place  thèse  gênera  àmong 
the  percoids. 

Order  21.     Allotriognathi 

In  a  paper  recently  read  before  the  Zoological  Society  of  London,  I 
proposed  the  name  Allotriognathi  for  a  group  of  fishes  which  are  cer- 
tainly  closely  related  to  the  berycoids,  from  which  they  difter  in  the 
remarkable  structure  of  the  protractile  mouth.  Each  maxillary  has  an 
inner  posterior  process  similar  to  that  of  the  proemaxillarv,  which  it 
underlies  ;  the  maxillary  processes  slide  backwards  and  forwards  on 
each  side  of  a  médian  keel  on  the  vomer,  or  on  the  pra?-ethmoid  carti- 
lage. In  the  berycoids  the  maxillary  is  articulated  proximally  to  the 
vomer  and  has  a  ligamentous  attachment  to  an  anterior  process  of  the 
palatine,  so  that  only  the  distal  end  moves  forward  when  the  pr^emaxil- 
laries  are  protruded.  In  the  Allotriognathi  it  is  the  maxillarics  which 
are  protractile  and  which  carry  the  praemaxillaries  forward,  whilst  the 
process  of  the  palatine  is  absent. 

I  recognize  three  sub-orders  of  the  Allotriognathi,  viz.  :  Lamproidei 
(Selenichthyes) ,  Veliferoidei  (Histichthyes),  and  Trachypteroidei  (Tœ- 
niosomi).     Thèse  are  characterized  in  my  paper  above  mentioned,^  but 

>  P.  Z.  S.  1907,  p.  634. 
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it  may  be  stated  hère  that  in  cranial  structure  Lampris  scarcely  dif- 
fers  from  the  berycoids,  whilst  Velifer  is  exactly  intermediate  between 
it  and  the  Trachypteridiie.  On  the  other  hand,  Velifer  has  the  normal 
berycoid  pectoral  arch,  whilst  Lampris,  the  Trachypteridse  and  Lophotidse 
départ  considerably  from  that  type  of  structure. 

The  hitherto  unique  spécimen  of  Stylophorus  in  the  British  Muséum 
is  in  too  bad  condition  for  me  to  form  any  opinion  as  to  its  relation- 
ships,  but  Dr.  E.  C.  Starks  tells  me  that  he  has  had  the  good  fortune 
to  secure  and  study  a  second  spécimen,  and  his  forthcoming  descrip- 
tion will  be  of  great  interest. 

Order  22.    Zeomorphi 

The  Zeidœ  are  evidently  an  ofîshoot  from  the  berycoids,  from 
which  they  differ  in  the  absence  of  an  orbitosphenoid  and  in  having  the 
reduced  lower  limb  of  the  post-temporal  suturally  attached,  throughout 
its  length,  to  the  cranium.  The  pelvic  bones  are  directly  attached  to  the 
clavicles,  but  the  large  number  of  rays  in  the  pelvic  fins  makes  it  im- 
probable that  the  Zeidœ  are  related  to  the  Chaetodontidse  or  Scombridœ, 
as  suggested  by  Starks. 

Order  23.    Heterosomata 

The  flat-fîshes  (Pleuronectidœ)  form  an  isolated  group  character- 
ized  by  the  asymmetri  calcranium.  Boulenger  regards  the  Eocene 
Amphistium  as  related  to  the  Zeidae  and  also  as  the  symmetrical 
prototype  of  the  Pleuronectidœ.  Consequently  he  places  the  Zeidse, 
Amphistiidae  and  Pleuronectidœ  in  one  sub-order,  Zeorhombi.  We  may 
question  whether  such  an  assemblage  is  definable,  seeing  that  the  sym- 
metrical members  of  the  group  are  said  to  be  characterized  by  the 
absence  of  an  hypural  spine,  which  proves  to  be  présent  in  the  pleuro- 
nectid  Psettodes,  and  presumably  was  présent  also  in  the  symmetrical 
form  from  which  the  Pleuronectidse  evolved. 

Order  24.     Percomorphi 

As  hère  understood  this  order  corresponds  to  the  Perciformes,  Scom- 
briformes,  Kurtiformes,  Jugulares,  Gobiiformes,  and  Scleroparei  of 
Boulenger,  after  removal  of  the  Berycidai  and  allied  families,  the  Os- 
phromenidse,  the  Batrachidae,  and  the  Podatelidse,!  and  with  the  addition 
of  the  Champsodontidœ,  Ammodytidse,  Fierasferidse,  Stromateidœ,  and 
Tetragonuridre. 

Six  sub-orders  may  be  recognized  :  Percoidei,  Scombroidei,  Kurtoidei, 
Gobioidei,  Blennioidei,  and   Scorpîienoidei. 

The  gênera  Arripis  and  Temnodon  are  Connecting  links  between  the 
Serranidte  and  the  CarangidiB,  which  are  closely  related  families.  In 
some  Perciformes  {e.  g.,  Liognathus)  the  caudal  peduncle  is  slender  and 
the  bases  of  the  caudal  fin-rays  are  deeply  forked.  The  Latilidiie  and 
Parai)ercidida;  are  allied  families,  and  the  pelvic  fins  are  certainly  more 

'  Since  this  was  written  I  hâve  examined  the  Gobiesocidse,  and  I  agrée  with 
Gill  that  they  form  a  distinct  order,  Xenopterygii. 
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jugular  in  position  in  Bathymastei  than  in  Parapercis,  although  the 
former  has  been  placed  in  the  Percif ormes,  the  latter  in  the  Jugulares. 
For  thèse  reasons  I  unité  some  of  the  Scombritormes  and  most  of  the 
Juguhires  of  Boulenger  with  his  Perciformes  in  one  division,  Pereoidei, 
equal  in  rank  to  the  Gobioidei  and  Scorp«>noidei. 

The  external  features  of  resemblance  between  Champsodon  and 
Parapercis  need  not  be  detailed,  but  it  may  be  nientioned  that  they  are 
nearly  identical  in  the  structure  and  position  of  the  fins  and  in  the  num- 
ber  of  fin-rays. 

The  skeletons  agrée  closely;  in  cach  there  are  thirty  vertebrœ 
(11  +  19),  the  ribs  are  inserted  on  parapophyses,  and  each  interneural 
is  supported  by  a  neural  spine.  In  the  cranial  osteology  no  important 
différences  are  évident  ;  the  entopterygoid  is  reduced  in  Parapercis  and 
absent  in  Champsodon.  In  each  the  post-temporal  is  forked  and  the 
pectoral  pterygials  numberfour;  in  Parapercis  two  of  thèse  are  inserted 
on  the  coracoid,  in  Champsodon  only  one. 

It  has  been  stated  that  the  attachment  of  the  pelvic  bones  to  the 
clavicles  in  Champsodon  is  ligamentous,  but  they  are  certainly  directiy 
in  contact  with  the  clavicles  above  the  symphysis,  and  project  beyond 
them  anteriorly,  and  if  they  are  movable  it  is  principally  because  the 
skeleton  examined  is  preserved  in  spirit.  I  am  unable  to  see  any  reason 
for  placing  this  genus  near  the  Atherinidœ,  nor  do  I  regard  it  as  allied 
to  Chiasmodon,  in  which  the  pelvic  bones  are  far  from  the  clavicles. 

Ammodytes  agrées  with  Percophis  in  the  form  of  the  head  and  body, 
structure  of  the  mouth,  wide  gill  openings,  etc.,  but  difïers  from  it  in  the 
absence  of  a  spinous  dorsal  and  of  pelvic  fins,  the  longer  pra?caudal 
région  and  the  weaker  dentition.  Comparison  of  the  skeletons  leaves 
no  doubt  that  the  two  gênera  are  related,  although  sufïiciently  différent 
to  be  placed  in  distinct  familles.  In  both  the  vertébrée  are  numerous 
(39  +  29  =  68  in  Ammodytes,  21  +  36  =  57  in  Percophis)  ;  there  are 
no  distinct  parapophyses  in  the  prsecaudal  région,  and  the  ribs  are  sessile 
and  blade-like.  In  Ammodytes  the  anterior  epipleurals  are  attached  to 
the  ribs,  the  posterior  ones  to  the  vertébral  column  just  above  the  inser- 
tion of  the  ribs  ;  in  Percophis  the  latter  condition  is  found  throughout 
the  prœcaudal  région.  In  both  gênera  the  basalia  of  the  dorsal-fin 
(inter-neurals)  correspond  in  number  to  the  vertebrœ  below  them,  each 
being  attached  to  a  neural  spine.  In  both  Percophis  and  Ammodytes 
the  cranium  is  depressed,  the  upper  surface  is  flat  and  without  crests, 
the  orbito-rostral  position  is  elongate,  the  nasals  are  narrowly  separated 
in  the  middle  Une,  the  parasphenoid  is  narrow,  and  the  basisphenoid  is 
wanting.  The  small  parietals  are  separated  by  the  supra-occipital,  and 
the  other  cranial  bones  are  normally  placed.  The  features  of  resem- 
blance in  the  hyo-palatine  and  opercular  séries  of  most  importance  are 
the  appearance  of  the  maxillary  process  of  the  palatine  on  the  upper 
surface  of  the  cranium,  the  great  development  of  the  suboperculum,  and 
the  présence  of  an  inner  horizontal  ridge  on  the  operculum,  which  in 
Percophis  terminâtes  in  a  spine.  The  post-temporal  is  forked,  the 
supraclavicle  oblique,  the  scapula  perforate  ;  the  pectoral  pterygials  num- 
ber three,  one  of  which  is  attached  to  the  coracoid  in  Ammodytes  and 
two  in  Percophis. 
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Comparison  of  spécimens  of  Ophidium  and  Fierasfer  shows  that  the 
latter  differs  from  the  former  in  the  absence  of  pelvic  fins,  the  anterior 
position  of  the  vent  and  the  naked  body  ;  the  two  gênera  are  very  similar 
in  the  form  of  the  head  and  body,  structure  of  the  mouth,  dentition, 
position  of  the  fins,  etc.,  and  in  both  the  eyes  hâve  no  free  margins  and 
the  operculum  is  adnate  by  a  membrane  to  the  pectoral  arch  above 
the  pectoral  fin.  I  hâve  compared  the  skeleton  of  Brotula  with  that  of 
Fierasfer.  The  skuU,  suspensorium,  and  jaws  are  very  similar  in  the  two 
gênera,  but  Fierasfer  has  two  features  of  specialization  :  (1)  the  meeting 
of  the  parietals  above  the  supra-occipital,  and  (2)  the  enlargement  of 
the  opisthotic,  which  extends  downward  to  the  basi-occipital,  as  in  the 
Anacanthini.  The  crania  agrée  in  their  elongate  form,  the  absence  of 
superior  crests,  the  broad  union  of  the  parasphenoid  with  the  frontals 
and  alisphenoids,  the  tapering  ofî  of  the  parasphenoid  posteriorly  into  a 
narrow  splint,  the  great  distension  of  the  basi-occipital.  In  the  suspen- 
sorium we  note  in  both  gênera  the  great  breadth  of  the  hyomandibular 
and  the  réduction  of  the  operculum,  which  is  <-shaped  and  does  not 
reach  the  margin  of  the  gill-opening  owing  to  the  inter\'ention  of  the 
suboperculum. 

The  pectoral  arch  of  Fierasfer  only  difîers  from  that  of  Brotula  in  the 
réduction  of  the  lower  limb  of  the  post-temporal.  In  both  gênera  the 
scapula  is  perforate,  and  only  the  uppermost  of  the  four  pterygials  is 
attached  to  it. 

In  both  Brotula  and  Fierasfer  the  vertébrée  are  numerous,  and  the 
centra  are  co-ossified  with  the  arches.  The  first  one  or  two  ribs  are 
sessile  and  much  expanded  to  support  the  muscular  anterior  part  of  the 
air-bladder;   the  remaining  ribs  are  attached  to  parapophyses. 


OrDER   25.      DiSCOCEPHALI 

The   extraordinary   modification   of   the   anterior  dorsal   fin   in   the 
Echeneididse  justifies  the  récognition  of  a  separate  order  for  this  family. 


Order  26.     Plectognathi 

Although  this  is  undoubtedly  a  natural  group,  its  members  exhibit 
so  great  a  diversity  that  considérable  subdivision  is  necessary. 

In  a  former  paper  I  defined  the  two  sub-orders,  Balistoidei  (Sclero- 
dormi)  and  Tetrodontoidei  (Gymnodontes).  The  Balistoidei  may  be  di- 
vided  into  (1)  Triacanthif ormes  (Triacanthidae)  with  prnemaxillaries 
protractile  and  free  from  the  maxillaries  and  with  the  pelvic  bones 
suturally  unitcd  and  finnly  attached  to  the  clavicles;  (2)  Balistiformes 
(Balistidîe,  ^JViodontidre)  with  maxillaries  attached  to  the  non-])rotractile 
pnemaxillaries,  and  with  a  long  movable  pelvis  formed  by  co-ossification 
of  the  pelvic  bones,  and  (3)  Ostraciontif ormes  (Ostraciontidfc),  difïering 
from  the  Balistiformes  in  having  no  pelvis,  and  in  the  large  bony  scales 
which  form  a  box-like  carapace. 

The  Tetrodontoidei  comprise  two  divisions,  viz.  :  (1)  Tetrodonti- 
formes  (Tetrodontidie,  Diodontidse),  with  a  normal  caudal  fin,  with  three 
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gills  and  with  inflatable  abdomen,  and  (2)  Moliformes  (Molidiie)  with 
four  gills,  and  with  the  non-inflatable  body  truncate  posteriorly,  without 
distinct  caudal  fin. 

Order  27.     Pediculati 

Physoclistic.  Pelvic  fins  jugular  and  pelvic  bones  directly  attached  to 
the  clavicles.  (Till-o])enings  restricted  ;  gills  2,  2^,  or  8.  Cranium  de- 
pressed  ;  no  orbitosphenoid  ;  no  basisphenoid  ;  parietals  separated  by 
the  supradccipital.  No  ribs.  Post-temporal  short,  simple,  suturally 
united  to  the  cranium  ;  supraclavicle  elongate  ;  scapula  and  coracoid 
reduced;  pectoral  pterygials  very  elongate. 

Two  sub-orders  may  be  recognized,  viz.  : 

SUB-ORDER   I.      BaTRACHOIDEI 

Spinous  dorsal  normal;  epiotics  separated  by  the  supra-occipital; 
epipleurals  présent  ;   four  or  five  pectoral  pterygials. 

SuB-ORDER   II.      LOPHIOIDEI 

Spinous  dorsal,  if  présent,  abnormal  in  structure  and  position  ;  epiotics 
meeting  behind  the  supra-occipital  ;  no  epipleurals  ;  two  or  three  pectoral 
pterygials. 

Order  28.     Opisthomi 

Distinguished  from  other  Physoclists  by  the  attachment  of  the  pec- 
toral arch  to  the  vertébral  column,  far  behind  the  skuU. 
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ON  THE  EVOLUTION  OF  CONTINENTS  AS  ILLUS- 
TRATED  BY  THE  GEOGRAPHICAL  DISTRIBUTION 
OF   EXISTING   ANIMALS 

(Address) 

R.  F.  SCHARFF 

I  DESIRE  first  of  ail  to  thank  the  Executive  Committee  for  the 
great  honor  tliey  hâve  done  me  in  allowing  me  to  address  you  —  an 
honor  which  is  enhanced  by  the  fact,  that  this  is  the  first  time  an 
address  has  been  delivered  on  gênerai  zoogeography,  this  section 
having  only  come  into  existence  during  the  last  Congress  at  Berne. 
The  title,  On  the  Evolution  of  Continents  as  Illustratcd  by  the  Geo- 
graphical  Distribution  of  Existing  Animais,  which  I  hâve  chosen, 
will  give  to  those  unacquainted  with  the  aims  of  zoogeography  an 
idea  of  the  wide  scope  of  the  subject  which  we  hope  to  discuss  during 
the  meetings  of  this  section. 

While  Wallace  ^  clearly  indicated  to  us  the  true  purpose  of  the 
study  of  the  geographical  distribution  of  animais,  or  zoogeography,  he 
has,  conjointly  with  Scia  ter,  devoted  so  much  attention  to  the  déter- 
mination of  zoôlogical  régions,  that  we  naturally  connect  the  names 
of  thèse  two  distinguished  naturalists  principally  with  the  divisions  of 
the  earth,  as  regards  its  forms  of  animal  life. 

Since  the  establishment  of  thèse  great  zoôlogical  régions,  the  study 
of  zoogeography  has  largely  consisted  in  discussions  on  the  value,  the 
boundaries,  or  the  subdivisions  of  the  realms  created  by  Wallace  and 
Scia  ter. 

Quite  recently  Osborn  '  has  urged  that  a  system  of  divisions  of  the 
globe  should  be  constructed,  which  would  connect  living  distribution 
with  range  in  past  time.  Others  hâve  argued  that  it  was  more  désira- 
ble to  direct  the  énergies  of  those  interested  in  zoogeography  towards 
a  study  of  the  geological  history  of  our  globe  as  revealed  by  the 
distribution  of  living  animais  alone.    While  I  do  not  undervalue  the 

*  Geographical  Distribution  of  Animais,  1876. 

*  N.  Y.  Acad.  Sci.,  13,  p.  47,  1900. 
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splendid  services  rendered  to  zoôgeography  by  the  la  hors  espeeially 
of  the  distinguished  American  naturalists,  Gill,  Allen,  Jordan,  Dali, 
Merriam  and  many  others,  I  wish  to-day  to  deal  only  with  the  latter 
aspect  of  this  brandi  of  zoology. 

Wallace  fully  recognized  the  great  value  of  the  study  of  zoôge- 
ography in  tracing  the  more  récent  geological  history  of  our  globe. 
He  went  so  far  as  to  say  that  this  enquiry  "may  reveal  to  us,  in  a 
manner  which  no  other  évidence  can,  which  are  the  oldest  and  most 
permanent  features  of  the  earth's  surface  and  which  the  newest." 
"It  may  indicate  the  existence  of  islands  or  continents  now  sunk 
beneath  the  océan,  and  which  hâve  left  no  record  of  their  existence 
save  the  animal  and  vegetable  productions  which  hâve  migrated  to 
adjacent  lands."  ' 

But  after  ail  it  is  much  what  Edward  Forbes  ^  taught  us  even 
thirty  years  before  the  appearance  of  Wallace's  great  work  on  the 
geographical  distribution  of  animais.  That  the  présent  distribution 
of  animais  is  older  than  the  existing  distribution  of  land  and  water  on 
our  globe,  lias  forced  itself  on  the  conviction  of  almost  ail  those  who 
hâve  taken  up  this  pursuit. 

That  we  should  make  it  the  spécial  aim  of  zoôgeography  to  re- 
construct  the  ancient  physical  features  of  the  earth's  surface  by  means 
of  the  présent  distribution  of  animais,  lias  been  pleaded  with  particular 
emphasis  by  Ortmann,  who,  liaving  adopted  the  United  States  as  his 
home,  lias  already  found  many  opportunities  of  putting  his  views  to  a 
practical  test.  Others  hâve  come  to  the  same  conclusion.  The  names 
of  Baur,  von  Ihering,  Stejneger,  Hedley,  Kobelt,  Pilsbry  and  Jacobi 
occur  to  me.    There  are  many  more. 

In  order  to  understand  the  geological  importance  of  the  présent 
distribution  of  animais,  it  is  not  essential,  as  has  been  maintained  by 
sonie  authorities,  to  study  the  past  history  as  recorded  by  their 
fossil  remains,  though  it  may  be  desi rallie  to  do  so.  The  ma- 
terials  and  data  of  the  range  of  existing  animais,  which  hâve  been 
accumulated  with  such  diligence  and  patience  by  systematic  zocilo- 
gists,  alone  enable  us  to  draw  far-reaching  conclusions  as  to  the  past 
geological  history  of  our  earth.  We  gladly  welcome  the  aid  of  palneon- 
tologists  in  unravelling  the  more  intricate  probleras  presented  by  the 
discontinuons  range  of  some  species  or  groups,  but  there  is  a  vast  field 
of  research  of  intense  interest  open  to  those  who  will  merely  map  out 
accurately  the  distribution  of  living  animais  within  circumscribed 
areas. 

The  object  of  this  address  was  to  make  a  few  remarks  on  the 
manner  in  which  we  hâve  attempted  to  trace  the  évolution  of  con- 
tinents by  means  of  the  geographical  distribution  of  existing  animais. 
I  sliall  not  therefore  allude  liere  to  the  valuable  services  of  the  many 

'  Loc.  cit.  p.  8. 

2  Geol.  Memoirs,  London,  1,  1846. 
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distingiiished  pabrontolocrists  and  their  work,  because  I  wish  to  liinit 
my  observations  to  the  récent  fauna. 

At  the  very  outset  of  our  researches  we  are  confronted  with  a 
difficulty  which  bas  been  raised  by  Darwin.  Wallace  later  on  ani- 
madverted  to  it  again.  It.  is  the  current  behef  that  accidentai  or 
occasional  distribution  of  animais  may  very  materially  influence  a 
fauna. 

They  contended  that  most  of  the  remoter  islands  of  the  great 
océans  were  of  volcanic  or  coralline  origin,  that  none  of  them  con- 
tained  indigenous  mammalia,  or  amphibia,  and  that  they  were  not  the 
fragments  of  any  existing  or  submerged  continent,  but  such  as  had 
been  actually  produced  in  mid  océan.  This  conception  implied  a 
belief  in  the  enormous  importance  of  occasional  or  accidentai  dis- 
persai, since  ail  such  oceanic  islands  are  supposed  to  hâve  been  popu- 
lated  by  such  means.  It  also  favors  the  view  in  the  stability  or 
permanence  of  océan  basins.  Yet  both  of  thèse  théories  are  opposed 
to  our  modem  results  of  zoogeographical  research. 

There  are  such  strictly  oceanic  islands  in  the  sensé  of  Darwin  and 
Wallace,  but  many  of  what  were  formerly  believed  to  be  such  are  now 
held  to  be  actually  the  fragments  of  ancient  submerged  continents. 

Naturalists  such  as  Murray,  Blanford,  Weber,  Sarasin,  von 
Ihering  and  many  more  who  hâve  made  a  practical  study  in  the 
tropics  of  accidentai  means  of  dispersai,  express  themselves  strongly 
against  the  "  flotsam-jetsam"  théories  so  prévalent  until  quite  recently. 
My  own  expérience  in  temperate  climes  has  also  led  me  to  the  con- 
clusion that  as  a  rule  ail  terrestrial  animais  progress  slowly  and  step 
by  step  on  a  land  surface,  and  that  islands  are  not  populated  to  any 
appréciable  extent  by  accidentai  means  of  dispersai. 

The  fact  that  oceanic  islands  are  frequently  of  volcanic  origin 
lends  no  support  to  the  view  that  they  hâve  recently  risen  from  the 
floor  of  the  océan,  for  as  Blanford  '  has  pointed  out,  if  the  whole  of 
the  African  continent  were  submerged  one  thousand  feet  beneath  the 
sea  ail  that  would  remain  of  it  and  appear  above  the  waters  would  be 
a  few  volcanic  islands,  representing  the  summits  of  the  highest  moun- 
tains.  Thèse  would  probably  be  poor  in  mammalian  or  amphibian 
species  or  quite  devoid  of  them.  Such  animais  do  not,  as  a  rule, 
fréquent  high  volcanic  mountain  ranges. 

Although  there  is  still  this  différence  of  opinion  among  zoogeog- 
raphers,  that  while  some  argue  that  accidentai  dispersai  is  of  great 
importance,  others  hold  that  its  influence  on  a  fauna  is  small,  yet  ail 
agrée  that  the  study  of  geographical  distribution  of  animais  is  a  most 
valuable  adjunct  to  geology. 

Now  let  us  apply  some  of  thèse  théories  practically  to  this  great 
continent  of  North  America.  Eastern  North  America,  that  is  to  say. 
that  part  of  the  continent  lying  east  of  the  Rocky  Mountains,  is  charac- 

'  Address,  Geol.  Soc.  London,  p.  34,  1890. 
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terized  by  the  possession  of  many  curious  and  certainly  extremely 
ancient  forms  of  animal  life  which  are  quite  unknown  in  western 
North  America,  but  which  are  related  to  species  found  in  Europe  or  in 
eastern  Asia.  That  pecuHar  amphibian  Necturus,  which  retains  its 
gills  throughout  Hfe  and  is  confined  to  the  eastern  States,  has  its 
nearest  relation  in  Austria.  The  American  giant  salamander  (Crypto- 
branchus),  is  also  found  in  the  eastern  States.  Its  next  of  kin  inhabits 
Japan.  The  remarkable  fishes,  the  gar-pike  (Lepidosteus),  bowfin 
(Amia)  and  paddle-fish  (Polyodon)  ail  live  in  the  eastern  States  ex- 
clusively,  except  one  species  of  gar-pike  which  is  known  from  Cuba 
and  Central  America.  The  newt  speîerpes  occurs  in  North  and  South 
America  and  southern  Europe,  yet  it  is  absent  from  the  western  States. 

This  curious  relationship  of  ancient  east  American  types  with 
those  of  eastern  Asia  or  Europe  rather  than  with  those  of  western 
America,  is  not  only  known  among  animais,  it  is  a  well-known  fea- 
ture  among  plants.  We  must  explain  this  kinship  of  eastern  America 
with  eastern  Asia  and  Europe  by  the  assumption  that  in  a  remote 
geological  period  thèse  parts  of  the  world  were  connected  with  one 
another  by  land,  while  western  North  America  either  did  not  exist 
or  was  separated  entirely  from  the  east  by  the  sea.  In  thèse  early 
geological  times  North  America  supplied  the  rest  of  the  world  with 
a  good  many  species. 

A  union  between  the  eastern  and  western  States  must  hâve  taken 
place  soon  after  thèse  events,  for  a  mingling  of  eastern  and  western 
forms  is  distinctly  traceable  in  ahnost  ail  the  more  modem  groups  of 
animais. 

An  interchange  of  the  North  American  and  Asiatic  faunas  oc- 
curred  presumably  across  a  land-bridge  in  the  neighborhood  of  Be- 
ring Strait.  The  birds  which  invaded  America  from  Asia  required  it 
just  as  much  as  the  higher  species  of  mammals.  It  has  been  explained 
to  us  very  graphically  by  Stejneger  ^  how  the  dippers,  those  interest- 
ing  little  wren-like  birds  which  inhabit  the  great  western  mountain 
ranges  between  Alaska  and  Patagonia,  entered  this  continent  from 
northern  Asia.  He  contended  that  this  invasion  must  hâve  happened 
in  early  Tertiary  times  across  a  Bering  Strait  land-bridge. 

Sirailarly  Ortmann  ^  insisted  that  the  freshwater  crayfishes  (Pota- 
mobius)  utilized  the  same  land-connection  in  passing  from  Asia  to 
North  America,  and  that  this  event  likewise  supervened  in  early 
Tertiary  times. 

Among  the  mammals  too  we  can  point  to  numerous  instances  of 
species  and  gênera  which  hâve  no  doubt  originated  in  Asia  and  hâve 
travelled  to  the  New  World  in  remote  times.  Some  of  thèse  are  evi- 
dently  of  much  earlier  origin  than  others.  The  Rocky  Mountain  goat 
(Oreamnos)  is  related  to  the  Indian  serow  and  the  European  chamois, 

»  Smithson.  Miscell.  Coll.,  47,  1905. 
2  Proc.  Amer.  Philos.  Soc,  41,  1902. 
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but  the  genus  to  which  it  belongs  is  quite  peculiar  to  North  America. 
Its  ancestors  must  therefore  hâve  existed  in  the  New  World  for  a 
considérable  time,  so  as  to  enable  them  to  develop  thèse  generic 
distinctions. 

The  so-called  American  elk,  or  wapiti  deer  (Cemis  canadensis),  is 
so  very  closely  allied  to  the  Asiatic  red  deer  that  it  may  be  looked 
upon  as  a  comparatively  récent  immigrant.  We  know  that  neither 
the  goat  nor  the  deer  hâve  originated  from  truly  American  ancestors, 
because  they  occupy  quite  isolated  positions  among  the  New  World 
mammaUa. 

We  conclude  from  such  factors  as  thèse  that  the  land-bridge 
across  Bering  Strait  persisted  for  long  âges,  possibly  throughout 
more  than  one  geological  period. 

The  influences  of  a  South  American  infusion  of  species  make 
themselves  felt  to  the  extrême  northwest  of  North  America  as  far  as 
Alaska.  South  American  animais  now  can  pass  freely  north ward 
through  Central  America,  but  this  condition  cannot  hâve  obtained 
for  a  great  length  of  time.  The  junction  of  North  and  South  America 
is  a  comparatively  modem  event,  geologically  speaking.  It  is  possible 
even  to  arrive  at  an  estimate  of  the  duration  of  this  land-connection. 
The  Southern  species  alluded  to  are  much  more  numerous  in  the  west 
than  in  the  east  of  North  America.  It  is  probable,  therefore,  that  the 
land-connections  between  the  two  continents  were  of  the  same  nature 
for  some  time  past  as  they  are  at  présent. 

The  West  Indian  Islands  appear  to  hâve  been  formerly  joined  to 
one  another.  From  a  study  of  the  operculate  land  moUuscs  of  the 
West  Indies,  Simpson  ^  concludes  that  their  présent  distribution  can 
only  be  explained  by  the  assumption  of  a  former  extended  land  sur- 
face in  that  région  and  its  subséquent  spUtting  up  into  numerous 
islands. 

If  we  pass  to  South  America,  there  also  the  geographical  distribu- 
tion of  animais  lias  afîorded  a  good  deal  of  material  for  spéculations 
on  the  graduai  évolution  of  that  continent.  Von  Ihering,-  who  has 
particularly  identified  himself  with  researches  on  the  origin  of  South 
America,  commenced  his  studies  mth  the  freshwater  fauna  and 
extended  them  subsequently  to  ants  and  to  végétation.  As  the  resuit 
of  thèse  enquiries  he  was  led  to  the  conclusion  that  South  America 
must  be  divided  into  two  great  subregions  which  he  called  "Archi- 
plata  "  and  "Archamazonia."  The  former  comprises  Chile,  the 
Argentine  States,  Uruguay  and  southern  Brazil,  the  remainder  of 
the  continent  constituting  the  other  subregion.  Thèse  two  subre- 
gions, he  maintains,  must  hâve  been  separated  during  the  greater 
part  of  the  Tertiary  era. 

'  Proc.  U.  S.  Nat.  Mus.,  17,  1894. 

2  Arch.  f.  Naturgesch.,  1893;  Berliner  Ent.  Zeitschr.,  39,  1894;  Engler's  Bot. 
Jahrbucher,  17,  1893. 
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The  freshwater  crayfishes  were  utilized  by  Ortmann  *  in  the  solu- 
tion of  Ûie  same  problems,  and  he  believed  that  the  history  of  South 
America  was  still  more  complex  than  von  Ihering  supposed.  In 
jurassic  and  lower  cretaceous  times  it  consisted,  according  to  him,  of 
"  Archiplata,"  including  Guiana.  In  the  upper  cretaceous  period 
Guiana  became  sépara ted  from  Brazil  by  an  interoceanic  connection 
across  the  Amazon  valley.  At  the  end  of  the  Cretaceous  and  chiefly 
during  the  Eocene  Archiplata  became  imited  witli  the  Chilean  coast 
range  by  the  élévation  of  the  Cordilleras,  and  also  by  way  of  Peru 
and  Ecuador  with  Central  America.  Not  till  the  middle  of  the  Ter- 
tiary  era  was  South  America  joined  to  North  America. 

Ortmann  argues  that  Central  America  with  the  Antilles  and 
Venezuela  existed  as  a  continental  mass  up  to  the  end  of  the  creta- 
ceous. Being  originally  separated  from  North  America  it  became 
united  with  it  in  upper  cretaceous  times.  This  land  mass  was  after- 
wards  broken  up,  by  the  formation  of  the  Caribbean  Sea,  into  a 
northern  part  joined  to  North  America  and  a  southern  united  to  South 
America,  both  parts  being  separated  by  an  old  tertiary  interoceanic 
connection  between  the  Pacific  and  the  Atlantic. 

Thèse  were  by  no  means  the  only  changes  that  afîected  South 
America.  Evidences  are  fast  accumulating,  as  our  knowledge  of 
systematic  zoology  increases,  that  South  America,  or  at  any  rate  the 
component  parts  which  now  form  that  continent,  were  once  joined  to 
other  land  masses  to  the  east,  west  and  south  of  it. 

It  is  more  than  forty  years  since  Andrew  Murray  ^  advanced  the 
theory,  based  on  a  study  of  the  beetles,  that  West  Africa  and  Brazil 
had  once  been  united  by  land.  Although  Wallace  strenuously  op- 
posed  this  contention,  an  ancient  land-bridge  from  South  America 
to  Africa  explains  the  faunistic  relationship,  which  undoubtedly 
exists  between  the  two  continents,  in  a  much  more  satisfactory  man- 
ner  than  any  other  hypothesis. 

On  gênerai  grounds  it  lias  received  the  strong  support  of  von 
Ihering,^  while  Lydekker  *  makes  use  of  the  mammals  in  his  évidence 
in  favor  of  this  view.  Although  Gill  ^  does  not  speak  of  an  actual 
land-connection  between  the  two  continents,  he  maîntains  that  their 
fish  fauna  was  derived  to  some  extent  from  a  common  source.  More 
recently,  however,  Boulenger,"  after  mature  considération,  adopts 
Glinther's  view  that  part  of  the  African  fish  fauna  had  travelled  across 
from  South  America  by  an  Atlantic  land-connection.  That  a  coast- 
line  stretched  right  across  the  mid  Atlantic,  appears  to  Sclater  ^  and 

»  Proc.  Amer.  Philos.,  Soc,  41,  p.  364,  1902. 

2  Trans.  Linn.  Soc,  23,  1862. 

^  Loc  cit. 

*  Geograph.  History  of  Mammals,  1896. 

«  Science,  42,  1900. 

"  Address  Zoôl.  Sect.,  Brit.  Assoc  Report,  1905. 

''  Geography  of  Mammals,  1899. 
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to  Osborn  ^  probable  from  the  distribution  of  the  marine  mammals, 
while  Gadow  ^  suggests  that  such  a  geographical  condition  would 
explain  many  puzzles  in  the  distribution  of  reptiles  and  ampliibians. 
Kobelt  ^  advocates  the  existence  of  a  former  land-bridge  between 
America  and  Europe  from  a  study  of  the  moUuscan  fauna,  but  he 
does  not  believe  in  the  more  southern  one,  in  favor  of  wliich  von 
Ihering*  adduces  especially  the  relationship  of  the  freshwater  mol- 
luscs  of  South  America  to  those  of  Africa.  A  study  of  the  Pedipalpi 
and  Solifugae,  two  great  groups  of  the  Arachnida,  led  Pocock  ^  to  the 
belief  that  certain  éléments  in  the  South  American  fauna  may  hâve 
corne  from  South  Africa.  The  geographical  distribution  of  a  family 
of  moths  (Ceratocampidae)  has  been  utilized  by  A.  T.  Packard  "  and 
that  of  a  family  of  freshwater  crabs  (Potamonidae)  by  Ortmann  ^  in 
demonstrating  the  former  présence  of  this  same  land-bridge  across 
the  Atlantic  Océan.  Pfeffer  ^  is  almost  alone  among  modem 
zoologists  who  hâve  paid  spécial  attention  to  the  relationship  between 
the  faunas  of  thèse  two  continents,  in  denying  that  there  is  any  reason 
for  the  assumption  that  they  hâve  formerly  been  united  by  land. 

The  gênerai  consensus  of  opinion,  in  which  I  readily  join,  is 
greatly  in  favor  of  this  theory.  It  has  recently  received  a  valiant 
champion  from  the  botanical  standpoint,  in  Engler,**  who  thus  vindi- 
cated  the  position  taken  up  long  ago  by  von  Ihering  ^°  in  explaining 
the  floristic  relationship  beween  the  two  continents. 

That  the  South  American  fauna  was  also  akin  to  that  of  far  dis- 
tant New  Zealand  fîrst  gave  rise  to  the  theory  of  a  former  Antarctic 
continent,  and  this  hypothetical  land-connection  has  been  discussed 
by  quite  a  number  of  zoologists.  Ortmann  "  has  given  a  careful 
review  of  thèse  discussions  and  enumerated  the  authors  who  took 
part  in  them,  so  that  in  this  short  address  it  is  not  necessary  to 
allude  to  them  ail  again. 

This  view  that  the  Australian  région  had  formerly  been  connected 
with  South  America  by  means  of  a  southern  land-bridge  appears  to 
hâve  been  first  promulgated  by  Sir  Joseph  Hooker.  More  recently 
Rutimeyer  advanced  a  similar  hypothesis  and  first  mentions  an 
Antarctic  continent.  The  latter  assumed  in  1872  a  more  definite 
shape  when  F.  W.  Hutton  ^-  wrote  his  well-known  essay  on  the  geo- 

^  Loc.  cit. 

2  Proc.  Zoôl.  Soc,  2,  1905. 

3  Nachrichtsbl.  d.  d.  Mulakoz.  Gesellsch.,  19,  1887. 
^  Loc.  cit. 

'  Natural  Science,  1899. 
«  Science,  19,  1904. 
^  Loc.  cit. 

«  Zoôl.  Jahrh.  (Suppl.),  2,  1905. 

*  Sitz.  d.  Preuss.  Akad.  d.  Wiss.  (phijs.  math.  Cl),  6,  1905. 
">  Engler's  Bot.  Jahrbucher,  17,  1893. 
"  American  Ncduralist,  35,  1901. 
>2  Trans.  cfc  Proc.  New-Zealand  InsL,  5,  1872. 
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graphical  relations  of  the  New  Zealand  fauna.  Opposed  by  Wal- 
lace,  he  abandoned  his  theory  for  a  time,  but  once  more  returned  to 
it  in  1905.^ 

Von  Ihering  ^  accepted  the  Antarctic  land-connection,  while  H.  O. 
Forbes  ^  first  published  a  map  clearly  indicating  in  what  manner  he 
conceived  South  America  to  hâve  been  joined  to  Austraha,  New 
Zealand  and  Madagascar.  Hedley  *  reduced  this  great  land  surface 
to  a  narrow  strip  between  Australia  and  South  America,  while  Os- 
born's  ^  conceptions  are  somewhat  intermediate  between  those  of 
Forbes  and  Hedley. 

That  a  land-bridge  existed  between  South  America  and  Austraha 
seems  to  Pocock  ^  to  be  favored  by  the  fact  of  the  occurrence  in 
Australia  of  the  scorpion  Cercophonius,  which  belongs  to  a  typically 
neotropical  family.  Carpenter  ^  adduces  évidence  from  the  minute 
collembola  and  Kolbe  *  from  some  groups  of  beetles.  Beddard  ^ 
alludes  to  the  importance  of  the  earthworms,  whose  distribution  seemed 
to  him  to  point  to  a  former  connection  between  Patagonia  and  New 
Zealand,  and  this  suggestion  has  recently  been  further  developed  by 
Benham,^"  who  favors  a  similar  view. 

According  to  Henry  Woodward  ^^  the  flora  characteristic  of  the 
Southern  Hémisphère  fully  confirais  the  conclusions  derived  from  a 
study  of  the  fauna  and  establishes  the  former  existence  of  extensive 
land-connections  between  the  southern  continents  in  the  Antarctic 
régions. 

When  Hutton  *^  temporarily  abandoned  the  theory  of  a  former 
Antarctic  continent  in  1884,  he  still  adhered  to  the  opinion  which  he 
had  advocated  that  a  land-bridge  must  hâve  existed  between  South 
America  and  New  Zealand.  But  instead  of  constructing  his  bridge 
across  the  south  polar  régions,  he  chose  the  southern  Pacific  Océan. 
He  suggested  that  during  the  lower  cretaceous  period  a  large  Pacific 
continent  had  extended  from  New  Guinea  to  Chile,  sending  south, 
from  the  neighborhood  of  Fiji,  a  peninsula  that  included  New  Zea- 
land. He  supposed  this  continent  to  hâve  gradually  sunk  in  upper 
cretaceous  times. 

A  few  years  later  von  Ihering  ^^  once  more  retumed  to  thi^  theory 

1  Nature,  72,  1905. 

2  Trans.  &  Proc.  New-Zealand  Inst,  24,  1891. 
8  Roy.  Geogr.  Soc.  (Suppl.),  3,  1893. 

*  Proc.  R.  Soc.  N.  S.  Wales,  1895. 
»  Science,  1900. 

*  Katural  Science,  4,  1894. 

'  Proc.  Roy.  Soc.  Edinburgh.  26,  1906. 
«  Zoôl.  Jahrbiicher  (SufDpl.),8,  1905. 

*  Zoôgeography,  Cambridge,  1895. 

*°  Presid.  Address,  Rep.  Australasian  Asso.,  1902. 
"  Trans.  Norfolk  &  Norwich  Nat.  Soc,  7,  1903. 
"  Ann.  &  Mag.  Nat.  Hist.  (5),  13,  1884. 
"  Trans.  New  Zealand  Inst.,  24,  1891. 
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and  warmly  supported  Hutton's  Pacific  continent  on  gênerai  zoologi- 
cal  grounds.  He  further  elaborated  his  thesis  in  a  paper  on  the  ants 
of  Rio  Grande  do  Sul.^ 

The  belief  in  the  former  existence  of  a  great  Pacific  continent  met 
with  the  most  enthusiastic  advocate  in  the  late  Professor  Baur,^  who 
adduced  many  striking  distributional  facts  in  its  favor.  Unfortunately, 
before  he  had  completed  his  researches  he  came  to  an  untimely  end, 
and  we  are  ignorant  of  his  conception  in  regard  to  this  continent. 
The  theory  arose  in  connection  with  his  researches  on  the  origin  of 
the  Galapagos  Islands  which  he  had  been  investigating,  and  whose 
fauna  and  flora  he  endeavored  to  show  had  reached  them  by  means 
of  a  land-bridge  from  Central  America.  Benham  ^  recently  pointed 
out  that,  while  not  actually  approving  of  it,  he  thought  the  distribu- 
tional facts  lent  a  certain  amount  of  support  to  Baur's  theory.  From 
a  conchological  point  of  view  Pilsbry  *  is  opposed  to  Baur's  spécula- 
tions in  so  far  as  he  considers  the  Pacific  continent  to  be  much  more 
ancient  than  late  Mesozoic.  He  thinks  that  the  Polynesian  Islands 
represent  the  remuant  of  a  palaeozoic  or  perhaps  early  mesozoic 
continent  which  had  no  connection  either  with  America  or  Australia. 

That  the  Galapagos  Islands  are  of  a  truly  continental  nature,  and 
not  oceanic,  as  Darwin,  Wallace  and  others  believed,  is  a  supposition 
which  seems  to  be  gaining  ground  more  and  more.  It  has  met  with 
the  approval  of  several  zoologists  who  hâve  investigated  the  problem, 
■  among  them  Ortmann^  and  Gadow.^  Rothschild  and  Hartert^  as- 
sume a  neutral  attitude. 

The  hypothesis  of  a  former  Pacific  continent,  whether  connected 
or  unconnected  with  other  continental  masses,  has  not  received  gên- 
erai acceptance.  The  arguments  advanced  in  its  favor  by  Pilsbry 
appear,  no  doubt,  weighty,  yet  others  who  hâve  visited  the  Pacific 
islands  and  studied  the  means  of  occasional  transport  of  species  on 
the  spot,  notably  Hedley,^  contend  that  the  fauna  and  flora  of  thèse 
islands  hâve  reached  them  in  that  manner.  They  disbelieve  that  there 
is  sufficient  évidence  of  a  former  Pacific  continent  in  the  présent  dis- 
tribution of  the  island  faunas. 

But  while  Hedley  dénies  the  former  existence  of  a  continent  such 
as  has  been  described  by  Hutton,  Baur  and  von  Ihering,  he  urges, 
chiefly  from  a  study  of  the  land  molluscs,  that  New  Zealand  was 
joined  in  the  north  to  New  Caledonia,  the  New  Hébrides,  the  Solomon 
Islands  and  New  Guinea,  which  again  formed  part  of  northern  Aus- 

1  Berl.  Ent.  Zeitschr.,  39,  1894. 
'  American  Naturalist,  31,  1897. 

*  Loc.  cit. 

*  Proc.  Acad.  Nat.  Se.  Philad.,  1900. 

*  Loc.  cit. 
'  Loc.  cit. 

">  Novitatis  Zoôl,  6,  1899. 

«  Proc.  Linn.  Soc.  N.  S.  Wales,  1899. 
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tralia,  and  that  even  the  Fiji  Islands  belonged  to  this  immense  tract 
of  land. 

That  Australia  itself  included  three  différent  faunal  éléments  was 
first  demonstrated  by  Hedley/  his  view  being  subsequently  adopted 
by  Baldwin  Spencer.^  One  of  thèse  éléments  which,  according  to 
Hedley,  has  its  seat  principally  in  the  southwest,  probably  contains 
the  most  ancient  forms  of  animal  life  in  Australia.  The  next,  sup- 
posed  to  be  of  Antarctic  origin,  is  believed  to  bave  overrun  Australia 
by  way  of  Tasmania,  which  countries  were  then  connected  with  one 
another.  The  third  group  of  animais  came  from  the  north.  As 
might  be  expected,  it  is  chiefly  represented  in  Queensland. 

It  would  seem  then  as  if  Australia  formerly  had  two  distinct  con- 
nections with  the  Antarctic  continent,  —  one  by  way  of  Tasmania  and 
the  other  by  means  of  New  Guinea,  New  Caledonia  and  New  Zealand. 

As  the  fauna  of  Australia  becomes  better  known,  we  sliall  be  able 
to  trace  its  origin  with  greater  précision.  Some  différence  of  opinion 
still  prevails  as  to  the  comparative  âges  of  the  two  land-connections. 
Hedley  maintains  that  the  New  Caledonia  and  New  Zealand  land- 
bridge,  represents  the  older  of  the  two  routes  of  migration,  while 
Benham  ^  argues  that  it  is  rnuch  more  récent  than  the  Tasmanian 
one. 

Within  récent  years,  it  has  been  shown  that  Australia  must  hâve 
been  joined  to  Asia  by  land.  This  land-bridge  existed,  no  doubt,  in 
rather  remote  times,  probably  towards  the  close  of  the  Secondary 
era,  and  became  broken  up  perhaps  during  the  eocene  period. 

Wallace  '  acknowledged  that  the  Asiatic  mainland  extended  as  far 
to  the  southeast  as  Bornéo  within  compara tively  récent  times,  and  that 
a  large  tract  of  country  had  since  sunk,  so  as  to  produce  the  présent 
configuration  of  the  Indo-Malayan  région.  He  was  particularly  im- 
pressed  by  the  apparent  sharp  Une  of  démarcation  in  the  faunas 
between  the  small  islands  of  Bali  and  Lombok,  and  assumed  that  the 
latter  were  separated  by  a  marine  channeî  of  great  depth.  It  has  now 
been  clearly  established,  however,  by  Weber,^  that  no  such  deep 
channel  intervenes  between  thèse  islands,  and  that  their  faunas  are  by 
no  means  so  distinct  as  Wallace  supposed. 

The  faunistic  relationship  of  the  numerous  islands  of  the  great 
Indo-Australian  archipelago  and  their  geological  history  is  being 
energetically  worked  out  at  présent  with  the  aid  of  the  geographical 
distribution  of  animais. 

Since  Wallace's  "  classic  investigations  in  this  archipelago,  fore- 
most  in  importance  from  our  point  of  view  are  the  researches  of  the 

*  Proc.  Austral.  Assoc.  Adv.  ScL,  1893. 
2  Rep.  Horn  Sci.  Exped.,  1,  1896. 

*  Loc.  cit. 

*  Loc.  cit. 

*  Der  indo-austral.  Archipel.  A-  d.  Geschichte  seiner  Tierwelt,  Jena,  1902. 
^  The  Malay  Archipelago,  1869. 
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two  Sarasins/  Thcir  remarkable  work  on  the  geological  history  of 
the  islaiid  of  Cek'hos,  based  on  animal  distribution,  may  truly  serve 
as  a  niodel  to  those  prepared  to  dévote  themselves  to  pursuits  of  a 
similar  nature.  From  the  time,  in  the  dawn  of  the  Tertiary  era, 
when  the  iskmd  was  still  submerged  by  the  sea,  they  trace  its  graduai 
evokition,  the  geokigical  history  of  its  immigrants,  and  its  final 
séparation  from  other  land  masses.  They  show  that  though  Celebes 
was  connected  with  AustraHa  by  way  of  New  Guinea,  westward  with 
Java,  Sumatra  and  the  INIalay  peninsula,  and  also  northward  with  the 
Philippine  Islands,  the  Strait  of  Macassar  always  separated  it  directly 
from  Bornéo. 

The  continent  of  Asia,  like  that  of  Africa,  contains  zoiigeographical 
problems  of  the  greatest  importance.  Their  solution  will  eventually 
help  us  to  verify  certain  conclusions  we  arrived  at  with  regard  to  the 
other  continents.  A  great  field  for  further  study  still  awaits  the 
zoologist  hère. 

We  know  that  northeastern  Asia  was  joined  to  North  America. 
That  Japan  is  faunistically  composed  of  three  différent  éléments  has 
been  demonstrated  by  Jacobi."  One  of  thèse  is  endémie,  while  the 
two  others  reached  the  area  by  immigration  when  Japan  was  con- 
nected with  southern  lands  and  westward  with  the  mainland. 

To  what  extent  the  interior  of  Asia  was  flooded  by  the  sea  and 
what  other  océans  the  latter  w^as  linked  to  are  problems  which  hâve 
not  yet  reached  a  satisfactory  solution  from  a  zoogeographical  point 
of  view.    Only  India  and  Ceylon  hâve  received  more  careful  attention. 

The  fact,  according  to  Blanford,^  that  the  Indian  peninsula  has 
ne  ver  been  submerged.  is  of  the  greatest  interest  and  plays  an  im- 
portant rôle  in  considering  the  aifinity  of  its  fauna  with  those  of  other 
régions.  Ceylon,  nô  doubt,  was  united  with  the  mainland  during,  at 
any  rate,  part  of  Tertiary  times. 

The  problem  of  the  former  extension  of  Asia  in  a  southwestward 
direction  has  formed  the  subject  of  spécial  investigations.  The 
présence  in  Ceylon  and  in  a  few  other  Asiatic  localities  of  lemuroid 
animais,  which  hâve  their  headquarters  in  IVIadagascar,  long  ago 
gave  rise  to  the  belief  in  a  former,  now  submerged,  land  Connecting 
thèse  areas  with  one  another.  Sclater  gave  the  name  of  "Lemuria" 
to  this  sunken  land,  and  Wallace  *  once  expressed  the  opinion  that  it 
was  undoubtedly  a  legitimate  and  highly  probable  supposition,  and 
an  example  of  the  way  in  which  a  study  of  the  geographical  distribu- 
tion of  animais  may  enable  us  to  reconstruct  the  geography  of  a 
bygone  âge.  In  his  "Island  Life"  he  dissents  from  the  view  he 
formerly  held,  though  Blanford  ^  never  rejected  the  theory  of  "Le- 

'   tjher  d.  Geol.  Geschichte  d.  Insel  Celebes  auf  grund  d.  Thierverbreitung,  1901. 

^  Zoôl.  Jahrbûcher,  13,  1900. 

^  Loc.  cit. 

*  Loc.  cit.  1,  p.  76. 

^  Loc.  cit. 
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muria."  He  held  that  this  land-connection  was  of  such  magnitude 
as  to  include  the  Seychelles,  Madagascar  and  South  Africa.  He 
believed  this  land  to  hâve  been  partially  submerged  in  early  Tertiary 
times.  From  a  study  of  the  distribution  of  birds,  von  Pelzeln  ^  came 
to  the  conchision  that  an  intimate  relationship  obtains  between  the 
avifauna  of  Africa,  of  the  Indo-]\Iahiyan  and  partly  of  the  Austrahan 
région.  The  supposition,  he  thinks,  that  thèse  countries  were  formerly 
joined  would  explain  the  existing  faunistic  features  satisfactorily. 

The  ^Madagascar  invertebrates,  as  we  should  expect,  are  rauch 
more  important  than  the  vertebrates  as  indicators  of  a  faunistic 
relationship  with  India,  because  the  geological  features  seem  to  point 
to  the  fact  that  if  thèse  two  areas  ever  were  united,  the  land-connection 
must  be  of  a  very  ancient  date,  and  indeed  Pilsbry  ^  urges  that,  from 
the  conchologist's  standpoint,  ^Madagascar  is  much  more  closely  allied 
to  Ceylon  and  x^ustralia  than  to  South  Africa  generally.  In  this 
opinion  he  agrées  with  Simon, ^  who  would  attach  jMadagascar  with 
the  opposite  coast  lands  of  Africa  to  the  Oriental  région  rather  than 
to  the  Ethiopian,  as  far  as  spiders  are  concerned. 

The  freshwater  crayfishes  are  utilized  by  Ortmann  *  in  the  discus- 
sion on  thèse  more  intimate  connections  between  Africa  and  Asia,  and 
he  likewise  concludes  that,  at  any  rate,  until  early  Tertiary  times, 
Africa  and  India  must  hâve  been  joined  by  a  land-bridge  of  which 
nothing  now  remains  except  ^Madagascar  and  the  Seychelles. 

Beddard  ''  thinks  that  some  facts  may  be  drawn  from  the  earth- 
worms  that  are  not  unfavorable  to  "Lemuria.  "  According  to  Ben- 
ham  "^  they  afïord  évidence  of  some  former  land-connection  between 
New  Zealand,  South  Africa  and  South  America,  while  he  emphasizes 
the  important  fact  of  the  remarkable  similarity  in  the  faunas  of 
Ceylon  and  Australia.  Milne  Edwards  ^  appeared  to  be  of  opinion 
that  the  distribution  of  the  flightless  birds  of  ^Madagascar  and  New 
Zealand  could  only  hâve  been  brought  about  by  an  ancient  land- 
connection  between  thèse  areas. 

Especial  attention  is  drawn  by  Kolbe  ®  to  the  affinity  which  mani- 
fests  itself  in  many  groups  between  the  faunas  of  JMadagascar  and 
America,  without  Africa  taking  any  part  in  it.  He  maintains  that 
Madagascar  must  hâve  received  a  large  portion  of  its  gênera  from  the 
south,  east  and  northeast.  In  a  more  récent  essay'"'  on  some  groups 
of  lamellicorn  beetles,  he  asserts  that  a  continental  bridge  in  the 
extrême  south  must  hâve  connected  Africa  with  America. 

1   Verh.  Zoôl.  bot.  Gesellsch.,  Wien,  22,  1876. 

^  Tryon's  Manual  of  Conchol.,  IX,  p.  xlv.,  1894. 

'  Trouessart,  géographie  zoôlogique,  p.  210,  Paris,  1890. 

*  Loc.  cit. 

*  Loc.  cit. 
0  Tjoc.  cit. 

"<  Ann.  Soi.  Nat.  (5)  Zool.,  19,  1874. 

*  Sitzungsber.  Gesellsch.  Nat.  Freunde,  Berlin,  1887. 
'  Loc.  cit. 
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That  the  continent  of  Africa  itself  has  undergone  many  modifica- 
tions is  évident.  Not  only  was  it  united  in  the  south  with  Madagascar, 
and  possibly  with  other  continents,  by  means  of  an  Antarctic  land- 
bridge,  but  Weber  '  even  infers  froni  a  study  of  the  freshwater  fauna 
that  Southwest  Afnca  was,  at  a  somewliat  remote  tiine,  completely 
isola ted  from  the  rest  of  the  continent. 

As  the  results  of  his  interesting  investigations  into  the  fauna  of 
Lake  Tanganyika,  Moore  -  inferred  that  this  great  African  basin 
was  originally  stocked  with  halohmnic  animais  from  a  western  sea, 
of  which  the  lake  itself  and  the  vast  back  waters  of  the  Congo  might 
be  said  to  be  the  last  remains.  His  théories  hâve  not  met  with  gênerai 
approval,  though  there  can  be  little  doubt  that  Lake  Tanganyika 
retains  relicts,  such  as  the  médusa  Limnocmda  iaurjanicae,  which  are 
of  marine  origin.  The  latter  species  has  since  been  discovered  in 
Lake  Victoria  and  in  a  lagoon  near  the  Upper  Niger,  so  that  the 
former  extension  of  the  sea,  across  some  of  the  great  lakes,  from  the 
Atlantic  becomes  probable.  The  existence  of  such  a  sea  in  eocene 
times  has  been  suggested  by  Boulenger.^ 

That  the  fauna  of  Abyssinia  contains  many  European  types  of 
animais  is  well  known,  and  among  them  some  species  that  could  not 
possibly  hâve  travelled  from  Europe  to  Africa  under  the  existing 
conditions  of  land  and  water. 

It  was  Gunther  *  who  first  drew  attention  to  the  fact  that  the 
river  Jordan  présents  so  many  African  types  of  fishes,  that  it  should 
be  included  in  a  description  of  the  African  région.  His  remark  led 
Gregory^  to  investigate  the  problem  of  this  anomalous  distribution,, 
and  to  suggest  some  very  noteworthy  geographical  changes  which  he 
assumed  to  hâve  taken  place  within  récent  geological  times.  The 
views  he  put  forward  were  that  the  Red  Sea  was  a  river  valley  into 
which  flowed  the  Jordan.  Near  the  ancient  mouth  of  the  Jordan  at 
the  Indian  Océan  a  tributary  from  Abyssinia  joined  it,  conveying  to  it 
fishes  from  Central  Africa.  Thèse  gradually  aseended  up  to  Palestine, 
the  lower  part  of  the  river  being  afterwards  destroyed  by  the  encroach- 
ment  of  the  océan  which  now  forms  the  Red  Sea. 

This  explains  the  faunistic  relationship  of  Syria  and  Abyssinia 
very  satisfactorily.  From  the  similarity  of  the  northeast  African  and 
the  west  Asiatic  faunas  alone  it  might  safely  be  concluded  that  the 
Red  Sea  is  only  a  comparatively  modem  formation.  North  Africa  and 
western  Asia  must  hâve  been  in  close  connection  formerly,  so  as  to 
enable  animais  to  pass  freely  from  one  to  the  other. 

Northwestern  Africa  has  been  isolated  from  the  rest  of  the  African 
continent  for  a  long  time,  and  it  i^  still  isolated  to  a  considérable  ex- 

'  Zoôl.  Jakrbiiche  Abth.  f.  System,  10,  1897. 

2  Proc.  Roy.  Soc,  62,  1898. 

^  Loc.  cit. 

*  The  Study  of  Fishes,  p.  227,  1880. 

»  The  Great  Rift  Valley,  1896. 
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tent  by  the  interposition  of  the  Sahara  Désert,  which  was  probably 
covered  by  the  sea  in  early  Tertiary  times.  That  this  part  of  Africa 
was  intimately  connected  with  Europe  by  several  land-bridges,  and 
that  the  IMediterranean  itself  has  undergone  the  most  profound 
modifications,  has  been  discussed  by  many  authors,  based  on  the 
geographical  distribution  of  animais. 

As  might  be  expected,  Europe  has  received  a  considérable  amount 
of  attention  in  that  respect  from  Edward  Forbes,  James  Geikie,  Boyd 
Dawkins,  Heer,  Nehring,  Hull,  Jacobi,  Forsyth  Major,  Simroth,  Stoll 
and  otliers,  while  I  hâve  attempted  to  coUect  together  our  existing 
knowledge  on  the  subject  in  a  work  dealing  with  the  European 
animais,  their  geological  history  and  geographical  distribution  as  a 
whole.'  In  this  volume  a  short  account  will  be  found  of  the  geographi- 
cal mutations  which  the  European  continent  has  undergone,  how  from 
an  archipelago  of  islands  varions  parts  hâve  gradually  become  moulded 
together,  and  how  streams  of  animais  hâve  hnally  invaded  Europe 
from  other  continents. 

I  hâve  now  endeavored  to  give  you  a  short  account  of  the  attempts 
which  hâve  been  made  in  différent  parts  of  the  world  to  reconstruct 
the  geographical  conditions  of  former  geological  periods,  to  trace  the 
slow  évolution  of  continents  merely  from  a  study  of  the  présent 
distribution  of  animais. 

In  this  brief  sketch  I  hâve  not  been  able  to  explain  the  methods 
which  hâve  been  adopted  to  discriminate  between  the  older  geological 
changes  and  the  more  récent  ones.  But  with  the  assistance  of  the 
palœontologist,  in  many  cases  even  without  such  help,  we  can  dis- 
tinguish  between  old  forms  of  animal  life  and  modem  types.  Hence 
the  présent  range  of  the  former  will  indicate  the  more  ancient  muta- 
tions of  land  and  water,  so  that  the  distribution  of  animais  generally 
will  not  onlv  enable  us  to  describe  the  orimn  and  formation  of  conti- 
nents  and  islands,  but,  approximately,  at  what  particular  geological 
period  certain  changes  were  brought  about. 

'  European  Animais,  1907. 


DIE  MURMANSCHE  BIOLOGISCHE  STATION  DER  K. 
NATURFORSCHER  GESELLSCHAFT  ZU  ST.  PETERS- 
BURG  UND  IHRE  ARBEITEN  IM  NORDISCHEN 
EISMEER 

K.  DERJUGIN 

Die  Untersuchung  des  ]\Ieeres  und  das  Studium  seines  Lebens  hat 
sich  in  den  letzten  zwanzig,  dreissig  Jahren  in  den  alten  wie  neuen 
Erdteilen  selir  entwickelt.  Wir,  russische  Biologen,  waren  nach 
Kriiften  bestrebt,  unsere  Meere  zu  untersuchen  und  die  mannigfalti- 
gen  Fragen  zu  beleuchten,  welche  bei  dem  Studium  der  Meeres- 
organismen  und  der  ihnen  eigentûmlichen  Bedingungen  ihres  Daseins 
entstehen.  Eine  Reihe  von  wissenschaftlichen  Expeditionen  haben 
in  der  letzten  Zeit  das  nôrdliche  Eismeer,  das  Schwarze  Meer,  das 
Kaspische  Meer,  und  die  Aralsee  untersucht  und  untersuchen  sie 
noch. 

Fiir  eine  einzige  Expédition  fur  wissenschaftlich-praktische  Unter- 
suchungen  an  der  Murman-Kùste,  die  nach  den  neusten  Anforde- 
rungen  der  Wissenschaft  ausgerûstet,  das  nôrdhche  Eismeer  erforscht 
hat,  hat  wahrend  ihrer  zehnjahrigen  Arbeit  das  russische  Volk  gegen 
zwei  Alillionen  Mark  ausgegeben.  Dièse  Expédition  beschaftigt  sich 
nicht  nur  mit  der  Biologie  und  dem  Gewerbe  im  nordischen  Eismeer, 
sondern  beteiligt  sich  auch  an  den  internationalen  Untersuchungen 
der  Hydrographie. 

Lassen  wir  die  Tatigkeit  und  die  Resultate  obengenannter  Expe- 
ditionen bei  Seite,  die  ja  nur  voriibergehende  Veranstaltungen  sind. 
Ich  erlaube  mir  im  Folgenden  allein  die  standigen  Unternehmungen, 
wie  es  die  biologischen  Meeresstationen  sind,  die  von  allen  Kultur- 
lândern  eingerichtet  worden  sind,  zu  besprechen. 

Ausser  der  biologischen  Station  in  Villefranche-sur-Meer  am  Mit- 
telmeer,  welche  den  biologen  zur  Geniige  bekannt  ist,  haben  wir  in  den 
Grenzen  des  europaischen  Russlands  noch  zwei  biologische  Meeres- 
stationen, eine  sûdliche  am  Schwarzen  Meer  in  Sebastopol,  und  eine 
nôrdliche  an  der  Murman-Kûste  Laplands  in  Alexandrowsk  (Gouv. 
Archangel).  Die  Station  in  Sebastopol  gehôrt  der  K.  Akademie  der 
Wissenschaften.  Ihr  frûherer  Direktor,  Alexander  Kowalewsky,  be- 
mûhte  sich  rastlos  bis  zu  seinem  Tode  um  ihre  gute  Einrichtung,  und 
ihm  ist  es  zu  danken,  dass  sie  eine  solide  wissenschaftliche  Unter- 
nehmung  wurde. 

Gegenwârtig  leitet  dièse  Station  Herr  W.  Salensky,  Mitglied  der 
K.  Akademie  der  Wissenschaften. 
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Obgleich  die  Fauna  des  Schwarzen  Meeres  ziemlich  arm  ist  — 
was  deii  Schwefelwasserstoffaussonderungen  in  den  Tiefen  des  IMeeres 
zu  verdanken  ist  —  ist  die  biologische  Station  in  Sebastopol  doch 
durch  die  Arbeiten  des  A.  Kowalewsky,  W.  Salensky  u.  a.  genug  be- 
kannt  ffeworden.  AUein  ich  habe  nicht  die  Absicht  bei  dieser  Station 
mich  langer  aufzuhalten. 

Die  nôrdliche  Station,  die  der  K.  Naturforscher  Gesellschaft  zu 
St.  Petersburg  gehôrt,  ist  ebenfalls  eine  nicht  mehr  ganz  junge  Unter- 
nehmung.  Sie  ist  im  Jahre  1S81  nach  den  Ideen  des  in  demselben 
Jahre  verstorbenen  Prof.  N.  Wagner  im  Weissen  Meer  auf  den  Solo- 
wezky  Insehi  in  Solowezky-Kloster  gegrûndet,  wo  die  Station  17 
Jahre  lang  gearbeitet  hat.  Zwar  standen  der  Station  nur  bescheidene 
Mittel  zur  Vert'ùgung,  aljer  doch  hat  sie  sich  in  dieser  Période  ein- 
gehend  mit  dem  Studium  des  Lebens  im  Weissen  Meere,  wie  liber- 
haupt  der  arktischen  Fauna  befasst.  Sie  wurde  in  der  Sommer- 
zeit  zu  einem  gelehrten  Centrum  fiir  die  russischen  Biologen,  und  es 
sind  aus  dieser  Station  zahlreiche  Arbeiten  von  Prof.  N.  Wagner,  Prof. 
W.  Schimkewitsch,  W.  Faussek,  N.  Knipowitsch  u.  a.  hervorgegangen. 
Ausserdem  versorgte  sie  mehrere  Hochschulen  Russlands  bestandig 
mit  Material  fur  praktische  Uebungen  und  ergiinzte  die  Sammlungen 
verschiedener  russischer  ]\Iuseen  durch  Vertreter  der  arctischen 
Fauna. 

Jedoch  infolge  gewisser  Umstânde  kam  es,  dass  im  Jahre  1899  fur 
die  Station  ein  anderer  Platz  ausgesucht  werden  musste.  Die  Natur- 
forschergesellschaft  wiihlte  den  Jekaterinen-Hafen  des  Kola-Fjords 
an  der  Murman-Kiiste  Lapplands  aus.  Dort  baute  man  damais  eine 
neue  Stadt,  die  im  Jahre  1899  unter  dem  Namen  Alexandrowsk  er- 
ôfînet  wurde.  So  wurden  dann  von  1899-1904  die  nôtigen  Gebâude 
errichtet,  und  am  29.  Juni  1904  konnte  die  Meeresstation  unter  dem 
Namen:  "Murmansche  Biologische  Station  d.  k.  Naturforscher  Ge- 
sellschaft  zu  St.  Petersburg  "  eingeweiht  werden.  Dièse  nôrdliche 
Station  ist  an  ihrem  neuen  Platze  bis  jetzt  erst  drei  Jahre  tiitig. 

Ihr  jahrliches  Budget  betnigt  gegenwiirtig  8500  Rubel. 

Die  Murmansche  Biologische  Station  ist  auf  einer  Granithalbinsel 
an  dem  westlichen  Telle  des  Jekaterinen-Hafens  gelegen,  der  eine 
kleine  nordwestliche  Bucht  des  Kola-Fjords  bildet  und  sich  etwa  zwôlf 
Kilometer  sûdlich  von  der  INIûndung  des  Kola-Fjords  in  den  Océan 
befindet. 

Am  Ende  des  Jekaterinen-Hafens,  etwa  ein  halbes  Kilometer 
sûdlich  von  der  Station  liegt  auf  Felsen  die  Stadt  Alexandrowsk, 
in  einer  nôrdlichen  Breite  von  69°  12'  und  ostlichen  Lange  von 
32°  28'  von  (îreenwich.  Demnach  ist  die  Murmansche  Biologische 
Station  eine  der  nordlichsten  der  Welt.  Zwei  Monate  lang  geht  hier 
die  Sonne  nicht  unter,  zwei  Monate  lang  herrscht  hier  ewige  Nacht. 

Die  Halbinsel  auf  der  die  Station  gebaut  ist,  ist  nicht  sehr  gross. 
Zur  Zeit  der  Fluten,  die  hier  bis  4  m.  erreichen,  ist  die  Landenge,  die 
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die  Halbinsel  mit  dem  Festlande  verbindet,  vollig  ûberschwemmt  und 
die  Halbinsel  wird  so  in  eine  Insel  verwandelt. 

Die  Murmansche  Biologische  Station,  die  urspriinglich  nur  aus 
einem  Hause  bestand,  hat  sich  in  den  letzten  Jahren  bedeutend  ver- 
grossert,  und  sie  umfasst  gegenwiirtig  folgende  Gebaude. 

1.  das  Hauptgebaude  mit  den  Laboratorien,  der  Bibliothek,  dem 
Muséum,  und  den  Wohnzimmern  fiir  die  Forscher; 

2.  das  neue  Haus  mit  den  Wohnungen  fur  der  Leiter  der  Station, 
und  das  Dienstpersonal  ; 

3.  das  Scheunen-Dock  ;   daneben  ein  kleiner  Eiskeller; 

4.  das  Maschinenhiiuschen  mit  der  Werkstatt  ; 

5.  der  Pavillon  liber  einem  Granitbassin. 

Die  Station  ist  mit  ^leer-  und  Sûsswasserleitung  versorgt. 

Das  Hauptgebaude  der  Station  hat  zwei  Stockwerke  mit  einem 
einstôckigen  Nebenbau  fur  die  Aquarienabteilung.  Um  das  Haus 
herum  geht  ein  2  m.  breiter  Gang,  der  aus  Granitstûcken  hergestellt 
ist.  Auf  der  Vorderseite  fûhren  von  diesem  Gang  zwei  kleine  Ab- 
stiege  zu  einer  hôlzernen  Plattform,  von  der  man  auf  einer  Treppe 
hinab  zur  Abfalirtstelle  gelangt. 

In  dem  unteren  Stockwerke  befindet  sich  ein  Zimmer,  wo  das 
Material  geordnet  wird,  das  man  vom  ]Meere  herfiihrt,  und  einige 
Raume  fur  Forscher:  sechs  Wohnzimmer  und  ein  gemeinsames 
Speisezimmer. 

Im  ol)eren  Stockwerke  liegen:  (1)  zwei  Laboratorien,  das  eine 
mit  vier,  das  andere  mit  fiinf  Arbeitspliitzen  ;  (2)  ein  Zimmer  fiir 
Reagentien;  (3)  ein  Bibliotheksaal  mit  Muséum;  (4)  zwei  Wohn- 
zimmer; und  (5)  ein  Zimmer  fur  Photographie.  Jeder  Forscher  hat 
ein  Wohnzimmer  das  zwar  einfach,  aber  doch  mit  allem  Nôtigen  ver- 
sehen  ist;  im  Laboratorium  stet  zu  seiner  Verfûgung  ein  guter 
Arbeitstisch,  der  mit  schwarzem  Linoléum  bedeckt  ist,  ein  Real  mit 
Reagentien  und  ailes  notwendige  Geschirr.  Ln  Laboratorium  befin- 
den  sich  ein  grosser  Thermostat  von  Sartorius,  ein  ]Mikrotom  von 
Jung,  und  ein  gemeinsamer  Tisch  mit  Aquarien,  denen  durch  eine 
Maschine  frische  Luft  zugefiihrt  wird.  Zum  Luftpumpen  dient  ein 
Heissluftmotor  von  Heinrici.  In  beide  Laboratorien  ist  Meer-  und 
Siisswasser  geleitet.  Das  Siisswasser  wird  durch  eine  amerikanische 
hydraulische  Maschine  gepumpt,  die  ein  halbes  Kilometer  entfernt 
an  dem  niichstliegenden  Bâche  aufgestellt  ist. 

Mit  Meerwasser  werden  die  Laboratorien  durch  einen  Heissluft- 
motor von  ().  Bôttger  versorgt,  der  im  Maschinenhauschen  steht. 
Im  Zimmer  fur  Reagentien  befinden  sich  aile  notwendigen  chemischen 
Substanzen. 

Grosse  Mengen  teuerer  Reagentien,  z.  B.  x\urum  chloratum, 
Kokain,  u.   a.,  verabfolgt  die  Station  nicht. 

Die  Bibliothek  ist  nicht  besonders  reich,  hat  aber  recht  viele 
Werke  lilx^r  die  arktische  Meeres-Fauna. 
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Das  Muséum  bietet  uns  cin  zieinlieli  gutcs  Bild  (li>r  Fauna  des 
Weissen  und  Murmanschen  (Barents-)  Meeres.     In  dcr  Afiuarien- 


FiG.  3.  —  Plan  des  Hauptgebaudes  der  Station 

lEt.— 1,  Werande;   2,  3,  14,  Korridore;  4,  Zimmerzum  sortieren ;  5,  7,   10,   11,  12,  13,  Wohn- 

zimmer;  6,  Speisezimmer;  8,  9,  Toilette;   15,  Kûche. 
IIEt.— 1,  Korridor;  2,  5,  Wohnzimmer;  3,   Bibliothek  und  Muséum;  4,  Zimmer  fur  Reagen- 

tien;  6,  7,  Laboratorien  ;   10,  11,  Vorratskammer  und  Photogr.  Zimmer. 

abteilung  der  Station,  die  sich  in  einem  hellen  Zimmer  des  Neben- 
baues    befindet.   sind    langs    den    Wanden    Tische    aufgestellt,    auf 
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welchen  mehrere  Aquarien  von  verschiedener  Grosse  stehen,  denen 
Tag  und  Nacht  Meerwasser  zufliesst. 

In  der  Mitte  des  Aquarienzimmers  befindet  sich  ein  grosses  Aqua- 
rium, das  durch  drei  glâserne  auszichbare  Scheidewande  in  vier 
Abteilungen  getrennt  ist.  Die  gusseisernen  Teile  des  Aquariums  sind 
vom  Meerwasser  durch  Glastafeln  isoliert.  Es  durchlâuft  jetzt  tag- 
lich  die  Aquarienabteilung  etwa  6150  L.  Meerwasser.  In  der  ganzen 
Meerwasserleitung  sind  zur  Vermeidung  der  fur  die  Meerestiere  schad- 
lichen  Salze  meistenteils  Blei  und  Gummi  angewandt  worden. 

Da  im  Sommer  die  oberen  Schichten  des  Meeres  in  dem  Kola- 
Fjord  mit  Sûsswasser  vermischt  sind,  so  nimmt  man  das  Wasser  fiir 
die  Aquarien  aus  einer  Tiefe  von  14-16  m. 

Bei  Maschinenhauschen  ist  ein  Granitbassin  eingemauert,  das  un- 
gefâhr  24,500  Ij.  Wasser  enthalt.  Ueber  dem  Bassin,  in  dem  sich 
ebenfalls  fliessendes  Wasser  befindet,  ist  ein  Pavillon  mit  Glasdach 
gebaut. 

So  befinden  sich  auf  dieser  Granithalbinsel  das  Hauptgebaude 
der  Station,  das  Maschinenhauschen,  der  Pavillon  ûber  dem  Granit- 
bassin  und  der  Landungsplatz.  Auf  der  Landenge,  die  Halbinsel 
mit  dem  Festland  verbindet,  steht  ein  geraumiges  zweistôckiges 
Scheunen-Dock. 

Das  untere  Stockwerk  ist  so  gebaut,  dass  sie  wâhrend  der  Flut  mit 
ihrem  unteren  Teile  unter  dem  Wasser  steht.  Auf  dièse  Weise  kôn- 
nen  kleine  Fahrzeuge  in  den  inneren  Raum  einfahren.  Hier  werden 
auch  die  Boote  der  Station  wâhrend  des  Winters  untergebracht.  Im 
oberen  Stockwerke  sind  geraumige  Niederlagen  ;  in  ihrer  Mitte  geht 
ein  Gang  durch,  der  die  Môglichkeit  bietet,  von  den  Felsen  der  Halb- 
insel-zu  denen  des  Festlandes  ûber  eine  Briicke  zu  gelangen.  In  dem 
neuen  zweistôckigen  Hause,  das  auf  dem  Festlande  liegt,  sind  die 
Wohnungen  des  Leiters  der  Station,  des  Praparators  u.  a.,  die  sich 
das  ganze  Jahr  hier  aufhalten. 

Fiir  Excursionen  benutzt  die  Station  ein  kleines  Segelboot  "  Orca  " 
und  einige  Schaluppen. 

Die  "Orca"  ist  28'  lang,  8'3  breit,  2,11  tief,  328'  Segelflache, 
und  ist  mit  den  nôtigen  Gegenstânden  fiir  die  zoologischen  Arbeiten 
im  Meere  ausgeriistet.  Gegenwârtig  ist  bereits  fiir  die  Station  ein 
verhâltnismiissig  grosses  Segelschiff  mit  einem  Petroleummotor 
"Dan"  von  25  PII.  hergestellt,  das  in  St.  Petersburg  ins  Wasser 
gelassen  ist.  Das  Schifî  wird  im  nachsten  Wlnter  vollstândig  ausge- 
riistet werden,  um  dann  im  Frûhjahr  1908  nach  der  Station  abzu- 
fahren.  Es  ist  21,84  m.  lang,  5,13  m.  breit,  hat  einen  10  tn.schweren 
gusseisernen  Kiel,  und  zwei  Masten:  Grot-  und  Fockmast.  In  dem 
Schiff  befindet  sich  ein  Laboratorium,  wo  die  Aquarien  mit  flissen- 
dem  Wasser  versehen  werden,  eine  Kajiite  fiir  4--8  Mann,  ein  Ma- 
schinenraum,  je  eine  Kajiite  fiir  den  Kapitiin,  und  eine  Dame  (auf 
der  Station  kônnen  auch  Frauen  arbeiten)  und  eine  Matrosenkajiite. 
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FiG.  4.  —  Aquaruînaeteilung  der  Station 


FiG.  5. — Segelboot  "  Okca  "  im  Jekateerinen-Hafen. 
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Die  Hauptverwaltung  der  Station  liegt  in  den  Hânden  einer 
besonderen  Kommission  der  K.  Naturforscher  Gesellschaft  zu  St. 
Petersbnrg.  Der  Vorsitzende  der  Kommission  ist  zugleich  Direktor 
der  Station.  Gegenwiirtig  bekleidet  dièses  Amt  der  Professor  der 
Zoologie  iind  vergleichenden  Anatomie  der  Universitat  zu  St.  Peters- 
burg,  W.  Schimkewitsch  (Adresse:  St.  Petersbnrg,  Universitat,  Zoolo- 
gisches  Institut).  Die  Station  selbts  leitet  ein  Zoolog,  der  das  ganze 
Jahr  ûber  dort  wohnt  und  nur  zuweilen  wiihrend  der  vier  Winter- 
monate  Urlaub  erhalt.  Ihm  zur  Seite  steht  ira  Sommer  ein  Laborant 
bei. 

Der  Jekaterinen-Hafen,  an  dem  die  Murmasche  Biologische  Sta- 
tion liegt,  bildet,  wie  ich  schon  oben  erwahnte,  nur  die  nordwestliche 
Bucht  des  Kola-Fjords.     Auf  der  nordostlichen  Seite  ist  der  Hafen 


FiG.  G.  —  Motor-Segelschiff  "Alexander  Kowalewsky  " 

durch  eine  schmale  Insel  von  dem  Kola-Fjord  getrennt.  Nach  dem 
Relief  des  Bodens  erscheint  der  Jekaterinen-Hafen  wie  eine  ausge- 
dehnte  Retorte,  dessen  grôsste  Tiefe  in  der  INIitte  liegt  und  52  m. 
betragt,  wahrend  sicli  die  geringste  —  16  m.  —  ara  Halse  befindet. 
Dem  schmalen  nordwestlichen  Ende  des  Hafens  zu,  liegt  ein  ziem- 
lich  breiter  Teil  des  Kola-Fjords,  in  den  noch  zwei  benachbarte 
Fjorde,  Pala-guba  und  Olenja-guba  mûnden.  Diesen  Teil  des  Kola- 
Fjords  haben  wir  "Tralowajajama  "  ("  Tralen-Grube  ")  genannt, 
weil  hier  meistens  die  gewohnlichen  Arbeiten  mit  dem  zoologischen 
Trawl  wegen  des  geeigneten  schlammigen  Bodens  und  des  Reichtums 
ar  Bodentieren  ausgefiihrt  werden. 

Wie  die  Halbinsel  der  Station,  so  besteht  das  ganze  Festland  in 
ihrer  Umgebung  imd  der  der  Stadt  Alexandrowsk  aus  dem  Gneiss- 
Granit  des  Archaischen  Zeitalters. 

Dièse  Grimdsubstanz  ist  teils  mit  Torfmoos  bedeckt,  teils  liegt 
sie  frei  an  der  0})erflache  und  l)ildet  von  uralten  Gletschern  abge- 
schliffen,  glatte  Plattformen,  teils  steigt  sie  zu  steilen  Felsen  an,  um 
in  schrofîen  Klûften  abzufallen  und  kîeine  Taler  zu  bilden.     Steilen- 
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weise  sind  am  Fusse  der  Felsen  ]\Iassen  von  lîriichstûcken  aufge- 
hauft,  cla  sich  zinvoilcMi  von  (Umi  Foison  grosso  Blocko  los})rechon. 

Die  Umgohung  dor  Station  ist  reich  an  reizvollcn  Seen,  die  auf 
verschiedenem  Nivean  in  Steinbassins  liegen.  Manche  dieser  Seen 
nahren  Bâche,  die  in's  Meer  hinabfliessen  iind  oftmals  in  schonen 
Wass erfii lien  a hs  t ii rzen . 

Baumvegetation  fohlt  in  der  naheren  Umgebung  der  Station  fast 
gânzlich,  nur  niedrige  gekrûmmte  Birken,  kleine  Spierlingsbaume, 
Weiden,  und  reichliche  Alpenflora  auf  don  Wiesen  und  in  don  Fels- 
klùften  boleben  die  sonst  trraue  Ijandschait. 


FiG.  7.  —  Wasserfall  in  der  Umgebung  der  Station 

Etwas  weiter  in  der  Umgebung  erregt  in  wissenschaftlicher  Be- 
ziehung  der  Relicten-See  "Mogilnoje  "  auf  der  etwa  30  km.  von 
dem  Jekaterinen-Hafen  entfernten  Kildin-Insel  besonderes  Interesse 
und  ist  deshalb  auch  von  verschiedenen  Naturforschern  und  vor 
allem  in  letzter  Zeit  von  der  Expédition  fur  Wissen.-  Prak.-  Unter- 
suchungen  an  der  Murman-Kûste  eingehender  erforscht  worden. 

Der  gesammte  Flachenraum  des  Sees  betragt  ungefahr  50,000  m., 
die  grosste  Tiefe  16  m.  Der  See  ist  von  der  Meeresenge  durch  einen 
Wall  von  60  m.  Breite  getrennt.  Augenscheinlich  sickert  durch 
diesen  Wall  langsam  Wasser  hindurch,  da  die  mittlere  Hôhe  des 
Sees,  die  das  Nivean  des  Meeres  um  37  cm.  ûberragt,  periodische  Be- 
wegungen  mit  einer  Amplitude  von  68  mm.  bildet.  So  konmit  es 
auch,  dass  das  Wasser  in  dem  See  sein  Hôhemaximum  drei  Stunden 
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spater  als  das  Meer  erreicht.  Der  Mogilnoje-See  hat  drei  Zonen 
(nach  L.  Breitfuss),  die  durch  ihren  physikalischen  und  biologischen 
Charakter  scliarf  von  einander  geschieden  sind  : 

1.  Die  obère  Zone  mit  Sûsswasser  bis  zu  einer  Tiefe  von  7-8  m. 
mit  Sûsswasser-Fauna-iind-Flora. 

2.  Die  mittlere  Zone  mit  einem  Salzgehalt  von  16,00  %o-30,00  %o 
in  einer  Tiefe  von  8-14  m.  ;  er  ist  also  kleiner  als  im  Océan  (etwa 
34,00  %o),  aber  doch  wird  dièse  Zone  durch  Meer-Fauna-und-Flora 
belebt. 

3.  Die  iintere  Zone  in  14-16  m.  Tiefe  ist  fast  ohne  Leben,  da  sich 
hier  ziemlich  stark  SchwefelwasserstofF  absondert.  In  dem  Plankton 
des  Mogihioje-Sees  k^ben  mit  Sûsswasserdiatomeen  (Caloneis  silicula, 
Fragilaria  virens)  und  Krebsen  (Daphnia  pulex)  auch  die  Meeresdi- 
atomeen  (Rhabdonema  tninuta,  Paraha  sulcata),  Krebse  (Oithona 
simihs,  IVIicrosetella  atlantica)  und  Medusen  (Rathkea  8-punctata) 
zusammen  ;  auf  dem  Boden  leben  2-3  Arten  Schwamme,  Seesterne 
(Stichaster),  einige  Arten  von  Anneliden,  Actinien,  Pycnogoniden 
(Pycnogonum  littorale),  verschiedene  jMollusken  *  (Chiton  albus, 
Astarte  banksi,  u.  a.),  4-5  Arten  von  Ascidien  und  sogar  einige  Meer- 
fische  —  die  Stockfische  und  Schollen. 

Trotz  der  sehr  nordlichen  Lage  der  Murmanschen  Biologischen 
Station  sind  die  klimatischen  Bedingungen  fiir  wissenschaftliche 
Arbeiten  infolge  des  wohltatigen  Einflusses  des  Golfstroms  gûnstig 
und  entsprechen  nicht  dieser  hohen  Breite. 

Infolge  der  Nahe  des  Golfstroms  wird  das  Klima  an  den  ver- 
schiedenen  Stellen  des  Murman  nicht  so  sehr  durch  seine  Breite  als 
vielmehr  durch  seine  Lage  zum  Meere  bestimmt.  Daher  ist  es  nicht 
zu  verwundern,  dass  der  nôrdlichste  Punkt  der  Murman-Kûste  des 
Lapplands,  "Waida-guba,"  das  wiirmste  Klima  hat,  wiihrend  das 
Klima  des  von  der  Kùste  weiter  nach  Sûden  liegenden  Landes  rauher 
ist.  Die  mittlere  Temperatur  des  Jahres  betriigt  fur  die  Stadt  Alex- 
androwsk  ein  wenig  ûber  0°  C  (etwa  -f-  0,46°  C).  Als  die  vier  warm- 
sten  Monate,  die  die  dortige  Sommerszeit  bilden,  haben  zu  gelten 
Juni  mit  der  Durchschnittstemperatur  von  7,0°  C,  Juli  mit  9,5°  C, 
August  mit  0,7°  C,  und  Septeml)er  mit  5,0°  C.  Dièse  Monate  sind 
die  besten  fiir  die  Wissenschaftlichcn  Arbeiten,  um  so  mehr  als  vom 
23  Mai  bis  21  Juli  die  Sonne  nie  untergeht,  und  so  zwei  INIonate 
lang  ununterbrochen  Tag  ist. 

Daffegen  taucht  die  Sonne  im  Winter  vom  30  November  bis  zum 
12  Januar  iiberhaupt  nicht  iil^cr  den  Horizont  auf. 

Die  kiiltesten  Monate  sind  :  December  —  mit  mittlerer  Tempe- 
ratur von  —  8,2°  C,  Januar  mit  —  7,8°  C,  Februar  mit  —  11,2°  C, 
und  Marz  mit  —  6,5°  C. 

Im  allgemeinen  ist,  wie  dièse  Zahlen  zeigen,  der  Winter  fiir  dièse 
hohe  Breite  nicht  ail  zu  hart;  die  mittlere  Temperatur  betragt  fiir 
dièse    vier   Wintermonate  also   nur  —  8,4°  C.    und   die   Frôste   er- 
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reichen  hochstens  —  20°  bis  —  25°  C.  Xur  die  hcftigen  Winde, 
welche  zii  dieser  Zeit  herrsclien,  vergrossern  tlie  Kiilte  uiul  vorhindern 
die  wissenschaftliclu'ii  Arln^iten  an  der  freien  Liift.  Dus  Meer  je- 
doch  friert  ûberhaupt  nicht  zu.  Der  Hafen  allein  ist  iiiigefiihr  auf 
einen  Monat  —  vom  Ende  Februar  bis  Ende  Miirz  —  mit  Eis  be- 
deckt,  aber  dièses  ist  so  dûnn  inid  locker,  dass  Dampfschifîe  mit 
Leichtigkeit  ein-  nnd  ausfahroii  konnen. 

Diesen  klimatischen  Bedingungen  gemâss  teilt  sich  auch  die  Tatig- 
keit  der  Station  ein;  sie  ist  das  ganze  Jahr  liber  geôfînet  und  es 
wohnt  dort  stets  das  notwendige  Dienstpersonal  ;  die  Hauptarbeiten 
werden  naturlich  im  Sommer  getan.  Gewôhnlicli  kommen  Anfang 
Jimi  Biologen  ans  St.  Petersbiirg  und  anderen  Universitiitsstadten 
hierher,  und  dann  wird  es  auf  der  Station  rege.  Von  Mitte  August 
an  verlassen  die  Biologen  die  Station  wieder,  und  ara  ersten  Sep- 
tember  liegt  sie  verodetda.  Allerdings  sind  die  wissenschaftlichen 
Arbeiten  dort  auch  in  anderen  ]\Ionaten,  besonders  im  Frûhling 
(April,  Mai),  und  im  lierbst  (September,  Oktober)  môglich.  Gerade 
in  der  Winterzeit  konnten  verschiedene  ausserordentlich  intéressante 
biolomsche  Fragen  die  Gelehrten  anlocken.  So  bôten  z.  B.  die 
merkwûrdigen  Erscheinungen,  welche  mit  der  Ueberwinterung  der 
Meerestiere  verbunden  sind,  ein  reiches  Feld  fiir  wissenschaftiiche 
Beobachtungen  und  zwar  besonders  in  der  Littoralzone,  wo  Frôste 
bis  —  25°  C.  auf  sie  einwirken. 

Leider  konnen  bei  den  gegenwârtigen  Mitteln  der  Station  die 
Aquarien  mit  fliessendem  Wasser  nur  in  den  Perioden  gespeist 
werden,  die  frei  von  Frôsten  sind. 

Die  Reise  nach  der  Station  bietet  im  Sommer  keine  Schwierig- 
keiten,  und  man  kann  sie  mit  allem  Komfort  unternehmen.  Von 
St.  Petersburg  bringt  die  Bahn  die  Excursanten  ûber  Tichwin,  Tsche- 
repowez,  und  Wologda  nach  Archangelsk.  Zwischen  Archangelsk 
und  der  norwegischen  Stadt  Vardô  stellen  langs  der  Murman-Kùste 
Lapplands  die  regelmassigen  Verbindungen  die  beiden  Dampfer 
"Imperator  Nicolaits  II"  und  "Lomonosow"  der  Ai-changelsk- 
INIurmanschen-Dampfschiffahrts-Gesellschaft  her,  Beide  sind  mit 
den  Bequemlichkeiten  der  Oceandarnpfer  versehen,  besonders  "Nic- 
olaus  II."  Dièse  Schiffe  fahren  von  Archangelsk  jeden  Freitag, 
gewôhnlich  Nachmittags  von  1-3  Uhr  ab,  kommen  im  Jekaterinen- 
Hafen  (Stadt  Alexandrowsk,  d.  h.  in  der  Station)  am  folgenden 
Montag  an  und  sind  bereits  am  JNIittwoch  in  Vardo.  Ihre  Rûck- 
fahrt  treten  die  Schiffe  von  Vardô  ebenfalls  Freitag  an,  verlassen 
den  Jekaterinen-Hafen  am  Sonnabend  und  laufen  schon  am  Diens- 
tag  wieder  in  Archangelsk  ein.  Der  Preis  fur  die  Strecke  Arch- 
angelsk-Jekaterinen-Hafen  (Alexandrowsk)  betragt — 11,85  Rub.  fiir 
die  I  Kl. 

Die  Verpflegung  kostet  taglich  in  erster  Klasse  —  2,50  Rub. 
(5  M.).     Was  die  Reise  selbst,  besonders  auf  dem  Meere,  anbetrifft, 
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so  erweckt  sie  in  Freunden  der  Natur  tiefes  Interesse  und  bietet 
ihnen  nicht  wenige  Momente  reinen  Gémisses. 

Die,  die  sich  von  St.  Petcrsl)urg  ans  nach  der  Station  l^egeben 
wollen,  faliren  entweder  Ende  Mai  oder  Anfang  Juni  ab.  Die  Fahr- 
ten  der  Dampfer  beginnen  Mitte  INIai,  obwolil  zuweilen  bis  zum 
Juni  Eis  im  Halse  des  Weissen  Meeres  den  regelmâssigen  Verkehr 
hindert.  Den  ganzen  Weg  von  St.  Petersburg  bis  zur  Station  kann 
raan  in  fùnf  Tagen  zuriicklegen. 

Fur  Auslander  ist  wohl  die  Fahrt  liber  Norwegen  nach  Vardô 
niiher  und  bequemer.  Sie  kônnen  sich  Freitags  auf  dem  Dampfer 
in  Vardô  einschiffen  und  sind  bereits  am  Sonnabend  in  der  Station. 

So  ist  es  mit  der  Reise  im  Sommer.  Im  Winter  hôren  die  Fahrten 
von  Archangelsk  auf,  da  (his  ganze  Weisse  Meer  mit  Eis  bedeckt  ist. 
Dagegen  bleibt  der  Verkehr  mit  Norwegen  zwischen  Alexandrowsk 
(Jekaterinen-Hafen)  und  Vardô,  allerdings  nur  einmal  monatUch 
un  unterbrochen.  Daher  ist  die  Reise  dahin  im  Winter  auch  fur 
Russen  liber  Norwegen  bequemer,  und  zwar  mit  der  Bahn  bis 
Trondhjem  oder  bis  Narvik  und  weiter  liber  Hammerfest  bis  Vardô. 

Die  âusseren  Bedingungen  der  Arbeiten  auf  der  Station  und  die 
der  Fahrt  dahin  habe  ich  oben  erwâhnt.  Im  folgenden  werde  ich  mit 
einigen  Worten  die  Frage  l)esprechen,  die  fur  jeden  Biologen  von  gross- 
ier Wichtigkeit  ist,  namUch  die  Frage  betreffs  des  Reichtums  und  des 
Charakters  der  dortigen  Fauna.  Allein  ich  will  nicht  liber  den  Cha- 
rakter  der  Fauna  des  gesammten  dort  angrenzenden  Meeres  sprechen, 
da  dies  bereits  im  allgemeinen  von  verschiedenen  Forschern  und  be- 
sonders  durch  umfangreiche  Arbeiten  der  Expédition  fur  Wissensch.- 
prakt.-Untersuchungen  an  der  ]Murman-Kûste  behandelt  worden  ist. 
Ich  werde  nur  die  P\iuna  berûhren,  die  wir  in  der  nâchsten  Umgebung 
der  Station  antrefîen  und  deren  Representanten  wir  zu  jeder  Zeit  auf 
der  Station  erhalten  kônnen.  Die  Untersuchung  dièses  Materials 
bildete  den  Gegenstand  l)esonderer  Sorge  fiir  die  Station,  und  es  ist 
von  ihr  gerade  in  (heser  Richtung  eine  Reihe  spezieller  Arlieiten  un- 
ternommen  worden.  Das  Meer  in  der  Umgebiuig  der  Station  haben 
wir  in  vier  Teile  geteilt,  von  denen  wir  je  400  gleiche  Exemplare 
von  Karten  mit  Tiefen  Bezeichnunp-en  hal)en  herstellen  lassen.  Auf 
diesen  Karten  V)ezeichnet  man  den  Fundort  der  gefangenen  ]\Ieeres- 
tiere  mit  besonderen  Zeichen.  Flir  jedes  einzelne  Genus  oder  jede 
verwandte  Gruppe  der  Gênera  ist  flir  jeden  der  4  Meeresteile  eine 
Karte  bestimmt.  Ausserdem  zeichnet  man  auf  vier  anderen  von 
diesen  Karten  die  SteUen,  wo  (He  Trawls  oder  Dretschen  ins  Wasser 
gelassen  und  aus  ihm  wieder  herausgezogen  werden.  Der  Charakter 
des  Meeresbodens  wird  ebenfalls  auf  Karten  notirt.  Die  gefan- 
genen Seetiere  werden  entweder  von  den  dortigen  Forschern  l:>estimmt 
oder  man  sendet  sie  an  verschiedene  russische  oder  ausliindische 
Speciahsten. 

Dank  diesen  systematischen  Forschungen  und  Bezeichnungen  auf 


DIE   MURMANSCHE   BIOLOGISCHE   STATION         881 

den  Karten  ist  nicht  nur  das  leichte  Wiederfinden  schon  frùher 
gefangener  Seetiere  unahhangig  von  dem  Wechsel  des  Stationsper- 
sonals,  fiir  die  Zukunft  gesichert,  sondern  man  gewiinit  gleiehzeitig 
ein  Bild  der  Verbreitung  der  verschiedenen  Seetiere  im  V'erhjiltniss 
zur  Beschaffenlieit  des  Meeresbodens  —  des  Reliefs  und  der 
Grundsubstanz. 

Trotzdem  die  Murmansche  Biologische  Station  erst  seit  kurzem 
ihre  Tatigkeit  entfaltet  hat,  zeigt  sich  schon  jetzt  die  Physiono- 
mie der  Fauna  der  benachbarten  Meeresteile.  Die  ganzen  Eigen- 
tûmHchkeiten  dieser  Meeresfauna  kommen  von  der  Nâhe  des 
Gohstromes  her. 

Dièse  machtige  warme  Strôraung  teilt  sich  an  den  Ufern  Nor- 
wegens  im  72°  nôrdHcher  Breite  in  zwei  Teile.  Mit  einem  seiner 
Zweige  wendet  sie  sich  nach  den  Spitzbergen,  mit  dem  andern  dringt 
sie  zwischen  den  Biirinsel  und  dem  Nordcap  in  das  Murmansche 
(-Barents)-]Meer  ein.  Infolge  der  Bodengestalt  des  Meeres  fliesst 
dieser  Strom  fâcherfôrmig  weiter.  Der  sûdhchste  Zweig  geht  par- 
allel  der  Murman-Kûste  in  175  Km.  Entfernung,  weicht  im  Osten 
durch  Kanin-Sandbank  nach  Norden  ab  und  stôsst  auf  "Novaja- 
Semlja."  Dieser  Zweig  ist  es,  der  einer  ungeheuren  Einfluss  auf  die 
Beschaiïenheit  der  Fauna  in  den  benachtbarten  Gebieten  des  Eis- 
meeres  ausûbt.  Im  allgemeinen  kommt  es  mir  nur  zu,  ûber  den 
Charakter  der  Fauna  einzelner  Teile  des  Kola-Fjords  zu  berichten, 
weil  iiber  ihre  Grenzen  hinaus  die  Arbeiten  der  Station  bis  jetzt  noch 
nicht  reichen.  Bekannt  ist  es,  dass  sich  die  Polarmeere  gewôhnlich 
durch  niederere  Temperaturen,  die  unter  0°  C.  fallen,  und  durch 
geringeren  Salzgehalt  (32,00  %o-34,60  %o)  charakterisieren.  Der 
Golfstrom  bringt  nun  hierher  wârmeres  Wasser,  das  auch  mehr 
Salzgehalt  hat  (34,00  %o-35,00  %o).  Dadurch  stôrt  er  hier  das 
Gleichgev/icht  des  Salzgehaltes  und  verândert  die  gewôhnlichen 
arctischen  Beziehungen  der  Temperaturamplituden. 

In'  der  Nahe  des  Golfstromes  fallen  im  Murmanschen  Meere  die 
Temperaturen  des  Wassers  nicht  unter  0°  C.,  so  dass  das  Meer  stets 
frei  von  Eis  ist. 

Selbstverstandlich  ist  es,  dass  solche  Besonderheiten  im  Salzge- 
halt und  den  Temperaturen  auf  die  Beschafïenheit  der  Fauna  nicht 
ohne  Einwirkung  bleiben  mussten.  In  diesen  wenigen  Jahren  der 
Tatigkeit  der  Murmansche  Station  ist  es  ihr  bereits  gelungen  mehr  als 
500  gefangene  Tierarten  zu  bestimmen;  und  dièse  zeigen  gentigend 
die  Physionomie  der  Meeresfauna  in  der  Umgebung  der  Station. 

Jetzt  kônnen  wir  bereits  aus  beiligendem  Verzeichniss  der  Tier- 
arten erkennen,  dass  dièse  Fauna,  wie  wir  ja  erwarten  mussten,  ge- 
mischten  Charakter  hat.  Die  warme  Strômung  des  Golfstroms  hat 
eine  ganze  Reihe  westlicher  Tierarten  mit  sich  gebracht,  und  zwar, 
sowohl  auf  den  Boden  lebende  Tiere,  als  auch  pelagische. 

So  gehôren  zu  den  Tierarten  westlicher  Herkunft  unzweifelhaft 
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von  den  Bryozoen  Tessarodoma  gracile,  der  Krebs  Pontojphilus  nor- 
végiens, von  Cephalopoden  Ociopus  bairdi,  von  Fischen  Gadus  mer- 
langus,  Orcynnus  thynnus,  und  einige  Tierarten. 

Von  den  Vertretern  der  arktischen  Fauna,  die  hier  zusammen  mit 
den  vorher  genannten  leben,  will  ich  nennen  :  dis  Bryozoen  Pseudo- 
flustra  solida,  Porella  saccata,  Sniittia  majusciila,  Rhamphostomella 
u.  a.  mehr,  verschiedene  Decapoden,  MoUusken  {Buccinum  tenue, 
Pleuroleura  walteri  u.  a.),  Echinodermen  (Myriotrochus,  Ewpyr- 
giis),  Fische  (Gadus  saida  u.  a.).  Sogar  ganze  Gruppen  nehmen 
dies€n  oder  jenen  Charakter  entweder  der  vorherschenden  borealen 
oder  der  arktischen  Arten  an.  So  z.  B.  uberwiegen  in  den  Bryozoen 
und  Decapoden  die  arktischen  Arten,  in  den  Mollusken  und  Anne- 
hden  jedoch  —  mehr  die  borealen. 

In  der  pelagischen  Fauna  haben  wir  ebenfalls,  nach  Beobac- 
tungen  des  Herrn  A.  Linko,  neben  solchen  typischen  arktischen 
Arten,  wie  z.  B.  die  Krebse  Calarus  hyperboreus,  Oncaea  conifera, 
und  die  Medusen  Aeginopsis  laurentii  und  Sarsia  flannmea,  boréale 
Krebse,  wie  Metridia  longa,  Oithona  plumifera  und  die  Méduse 
Melicertum  campanula.  Infolge  des  gleichen  Einflusses  des  Golf- 
stroms  ist  notwendiger  Weise  auch  der  Charakter  der  Fauna  in  ver- 
schiedenen  Teilen  des  JNIurmanschen  Meeres  ziemlich  mannigfaltig. 

Der  Einfluss  des  Golfstroms,  der  im  Osten  von  der  Kûste  Lapp- 
lands  mehr  und  mehr  nach  Norden  zu  abweicht,  wird  demgemâss  auf 
die  anliegenden  Kûstengegenden  auch  schwacher.  Wenn  wir  also  die 
hydrologischen  Bedingungen  und  den  Charakter  der  Fauna  an  den 
verschiedenen  Stellen  des  Murmaschen  Meeres  in  der  Richtung  von 
Westen  nach  Osten,  d.  h.  von  der  Grenze  Norwegens  nach  dem 
Halse  des  Weissen  Meeres,  untersuchen  wûrden,  so  wiirden  wir  von 
Stellen  des  Meeres  mit  wârmerem  und  salzhaltigerem  W^asser  nach 
und  nach  zu  Stellen  mit  kâlterem  und  weniger  salzhaltigem  Wasser 
gelangen,  Demnach  werden  die  westlichen  borealen  Arten,  die  der 
Golfstrom  hierher  mitgebracht  hat,  allmahlich  von  den  arktischen 
Arten  verdrangt.  Zur  vollstandigeren  Charakteristik  der  Physiono- 
mie der  Fauna  in  dem  Kola-Fjord,  muss  man  noch  nachweisen,  dass 
hier  solche  typische  arktische  Bewohner,  wie  Gadus  navaga,  ganz 
fehlen. 

Die  Murmansche  Biologische  Station  in  dem  Kola-Fjord  nimmt 
nun  an  der  Kûste  Lapplands  die  mittlere  Lage  ein  ;  sie  liegt,  wie  ich 
vorher  erwâhnte,  unter  gùnstigen  Bedingungen  fur  die  Erlauterung 
der  wichtigen  Frage,  welche  die  Vermischung  der  Faunen  und  die 
damit  verbundenen  biologischen  Erscheinungen  betrifft. 

Obgleich  die  Murmansche  Biologische  Station  erst  vor  kurzem 
mit  ihrer  Tatigkeit  auf  ihrem  neuen  Platze  begonnen  hat  und  fur 
allgemeine  Schlûsse  und  weite  Verallgemeinerungen  es  jetzt  noch 
nicîit  an  der  Zeit  ist,  so  war  doch  die  Station  mit  allen  ihren  Krâften 
bestrebt,  die  Fragen  zu  beleuehten,  welche  sich  bei  der  Untersuchung 
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des  Lebens  im  nordischen  Eismeere  aufwerfen,  iind  den  Boden  iind 
das  Material  fur  kùnftige  Forscher  vorzubereiten. 

Wir  wiirden  uns  freuen,  wenn  auch  auslandische  Gelehrte  unsere 
nordische  Station  besuchen  und  ihre  Miihe  und  ihre  Kenntnisse  auf 
die  Lôsung  verschiedener  hôchstinteressanter  Fragen  der  Biologie 
des  Meeres,  die  mit  besonderen  ôrtlichen  hydrologischen  Bedin- 
gungen  verknûpft  sind,  verwenden  wiirden. 


Verzeichniss  der  in  der  Umgebung  der  Murmanschen 
Biologischen  Stationgefundenen   Tierarten. 


Rhizopoda  (nach  S.  Awer^nzew). 
Allogromia  ovoidea,  Rhiimbl. 
Astrorhiza  arenaria,  Norm. 

crassatina,  Brady. 

Saccamina  sphaerica,  M.  Sars. 

difflugiformis,  Brady. 

Proteonina  fiunformis,  Will. 

nov.  sp. 

Tholosina  bidla,  Brady. 

JVebinella  hemisphaerica,  P.  &  I.,  Brady. 

Rhabdammina  linearis,  Brady. 

abyssorum,  M.  Sars. 

discreta,  Brady. 

Hippocrepina  indivisa,  Park. 
Hiperammina  elongata,  Brady. 

subnodosa,  Brady.    ' 

lacalella  obtusa,  Brady. 
Cornuspira  involvens,  Reuss. 
Nodulina  scorpiura,  Montf. 

flexibilis,  Schlumb. 

scottii,  Chaster. 

nov.  sp. 


Bilocidina  simplex,  d'Orbg. 

elongata,  d'Orbg. 

Miliolina  pyriformis,  Schlumb. 

seminulum,  L. 

agglutinans,  P.  &  I. 

suborbicularis,  d'Orbg. 

inornata,  d'Orbg. 

Textularia  trochus,  d'Orbg. 
Spiroplecta  biformis,  P.  &  I. 
Valvulina  conica,  P.  &  I. 
Bulimina  ellipsoïdes,  Costa.' 

subteres,  Brady. 

elegantissima,  d'Orbg. 

Virgidina  schreibersiana,  Czjzk. 
Uvigerina  angulosa,  Will. 

tenuistriata,  Reuss. 

pigmaea,  d'Orbg. 

Bolivina  punctata,  d'Orbg. 

nitida,  Brady. 

Cassidulina  laevigata,  d'Orbg. 

crassa,  d'Orbg. 

Nodosaria  pauperata,  d'Orbg. 

soluta,  Reuss. 

laevigata,  d'Orbg. 

Lagena  distoma,  Brady. 


Lagena  squamosa,  Montag. 

sidcata,  Walk.  &  Boys. 

Cristellaria  crepidida,  F.  &  M. 
Polymorphina  compressa,  d'Orbg. 

lactea,  d'Orbg. 

sororia,  Reuss. 

Haplophragmium  canariense,  d'Orbg. 

cassis,  Park. 

glomeratum,  Brady. 

globigerini-forme,  P.  &  I. 

Discorbina  globularis,  d'Orbg. 
Truncatulina  lobatula,  W.  &  B. 

refulgens,  d'Orbg. 

Pulvimdina  karsteni,  Reuss. 
Globigerina  bulloides,  d'Orbg. 
Pulenia  obliqueloculina,  d'Orbg. 
Patellina  corrugata,  Will. 
Nonionina  umbilicatula,  Mont. 

depressula,  W.  &  I. 

scapha,  F.  &  M. 

stelligera,  d'Orbg. 

Polystomella  striatopunctata,  F.  &  M. 

subnodosa,  Mûnst. 

crispa,  L. 

Operculina  ammonoides,  Gronow. 
Reophax  scottii,  Chart. 

Radiolaria  (nach  A.  Linko). 
Acanthometron  péllucidum,  J.  Miill. 
Plectophora  arachnoïdes  (Cl.  &  Lachm.). 

Ciliata  (nach  A.  Linko). 
Amphorella  ampla,  Jorg. 

ussowi,  Merejkowsky. 

Cyttarocylis  denticulata,  Ehbg. 

var.  média,  Brandt. 

Paxillina  arctica.  Cl. 
Ptychocylis  arctica,  Brandt. 

obtusa,  Brandt. 

urnula.  Cl.  &  Lachm. 

Tintinnopsis  beroidea.  Stem. 

karajacensù,  Brandt. 

nitida,  Brandt. 

ventricosa.  Cl.  &  Lachm. 

Tintinnus  acuminatus.  Cl.  &  Lachm. 
bottnicus,  Nordg. 
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Spongia 

Leucosolenia  nansenî,  Breitf. 
Spongelia  avard,  O.  Schmidt  (?). 
Polymastia  hemispJiaerica  (Sars.). 
Artemisina  arcigera,  O.  Schmidt. 
Tentorimn  semisuherites,  O.  Schmidt. 
Sycon  raphanus,  O.  S 

Hydrozoa 
Hydroidea  (nach  A.  Schidlowsky). 

Sertularia  pumila,  (L.). 
Tubularia  coronata. 
Obelin  solowetzkiana,  Schid. 
Gonothyrea  loveni,  Allm. 
Haledum  muricatum,  EU.  &.  Sol. 
Endendrium,  sp.? 
Campeanularia  flexuosa,  Hinks. 
Opercularella,  sp.  ? 
Calycella  syringa. 

Medusae  (nach  A.  Linko). 

Aeginopsis  laurentii,  Brandt. 

Aequorea,  sp.? 

Aglanta  digitalis,  Miill. 

Catablema  campanula,  Hckl.,  var. 

Euphysa  aurata,  Forb. 

Hippocrene  supercUiaris,  L.  Ag. 

Melicertum  campanula,  A.  Ag.,  var. 

Obelia  lucifera,  Forb. 

Ptychogastria  (Pectyllis)  polaris,  Allm. 

Rathkea  8-punctata,  Hckl. 

Sarsia  flammea,  Hartl. 

tubulosa,  Less. 

Staurostoma  arctica,  Hckl. 
Tiara  conifera,  Hckl. 

Siphonophora 

Diphyes  arctica,  Chun. 

Scyphozoa 
Acalepha 

Cyanea  arctica,  Per.  A.  Les. 
Aurélia  aurita,  Sam. 

Anthozoa 

Actinoloba  dianthus. 
Chondractinia  nodosa  (Fabr.). 
Actinia  equina. 
Eunepthya  fruticosa,  Sars. 

Ctenophora 

Beroe  (?  cucumis,  Fabr.). 

Bolina  {?  infundibulum,  O.  F.  Miill.). 

Turbellaria  (nach  L.  von  Graff). 

Aphanostoma  rhomboides  (Jens.). 
Convoluta  convoluta  (Abildg.). 
■ flavibacillum  (Jens.). 


Proxénètes  flabellifer  (Jens.). 
Promesostoma    marrnoratum    (M. 
Schultze). 

murmanicum,  Graff  (n.  sp.). 

Mahrentlmlia  agilis  (Levins.). 
Provortes  balticus  (M.  Schultze). 
Jensenia  angulata  (Jens.). 
Hyporcus  breitf u^si  (Jens.). 
Acrorhynckus  caledonicu^  (Clap.). 
Polycystis  crocea  (O.  Fabr.). 
Pseudostomum  quadrioculatum  (Leuck). 
Monocoelis  fusca  ( Oerst) . 
Procerodes  ulvae  (Oerst). 
Uteriporus  vulgaris,  Bdgl. 
Leptoplana,  sp.? 

Nemertini  (nach  S.  Rosanoff). 
Cephalothrix  linearis,  Rathke. 
Tetrastemma      (Prostoma)      candidum, 

MûU. 
Tetrastemma,  sp.? 
Amphiporus  lactifloreus,  Johnst. 

sp.  nova. 

Lineus  gesserensis  (rvber),  Mùll. 
Cerebratalus  borealis,  Dies. 
4  sp.  novae. 

Nematodes  (nach  S.  Saweljeff). 

Enoplus  communis,  Bost. 

brevis,  Bost. 

Oncholaimus  vulgaris,  Bost. 

• fuscus,  Bost. 

Thoracostoma  denticulatum, 
Symplicostoma  longicolle,  Bost. 
Sphaerolaimus  hirsutus,  Bost. 
Tripyloides,  sp.? 
Cyatholaimus,  sp.? 
Spilophora,  sp.? 
Chromadora,  sp.? 
Monhystera,  sp.? 
Phanoderma,  sp.? 
Anticoma,  sp.? 

Chaetognatha 

Sagitta  bipunctata  (Qxioi  &  Gaim). 

Annelides  (nach  M.  Solowjeff). 

Harmothoe  imbricata,  L. 

nodosa,  Sars. 

rarispina,  Sars. 

sarsi,  Kihb. 

Lepidonotus  squamatus,  L. 
Nychia  cirrosa,  Pall. 
Glycera  capitata,  Oerst. 
Nephtys  ciliata,  Mûll. 
Lumbrinereis  frngilis,  Mûll. 
Onuphis  conchylega,  Sars. 
Nereis  pelagica,  L. 

zonata,  Mgrn. 

Cirratulus  cirratus,  Mûll. 
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Aricia  quadricuspida,  Oerst. 
Ammotrypane  (lulogaster  Rathke. 
Trafi.siaJ'orbesi,  Johust. 
Ophclia  liniacina,  Ratlike. 
Stylariuidcs  plumosa,  Miill. 
Brada  granulosa,  A.  Hansen. 

granulata,  Mgrn. 

Arenicola  marina,  L. 
Axiothea  catenata,  Mgrn. 
Nicomache  lumbricalis,  Fabr. 
Maldane  sarsi,  Mgrn. 
Pcctinaria  hyperborea,  Mgrn. 
Ampliarete  arctica,  Mgrn. 
Lysippe  labiata,  Mgrn. 
Polycirrus  albicans,  Mgrn. 

smitti,  Mgrn. 

Terebellides  stromi,  Sars. 
Thelepiis  circinnatus,  Fabr. 
Amphitrite  cirrata,  Miill. 
Leaena  abranchiata,  Mgrn. 
Sabella  fabricii,  Kr. 
Chone  infundibuliformis,  Kr. 
Eiichone  rubella,  Ehl. 
Dasychone  infarcta,  Kr. 
Myxicola  steenstrupi,  Kr. 
Protula  média,  Stimps. 

Gephyrei  (nach  A.  Skorikoff). 

Phascolosoma  fmnseni,  Kor.  et  Dan. 

margaritaceum,  M.  Sars. 

eremita,  M.  Sars. 

Phascolion  spitzbergense,  Theel. 
Priapidus  priapus,  L. 
Halicryptus  spinulosus,  Sieb. 
Echiurus  echiurus,  Pall. 

Brachiopoda 

Waldheimia  cranium,  Gray. 
Terebrabulina  capiitserpentis,  D'Orb. 
Rhynchonella  psittacea,  Gm. 

Bryozoa  (nach  H.  Kluge). 

ECTOPROCTA. 

Gemellaria  loricata,  L. 

Menipea  ternata,  var.  gracilis,  Sm. 

Scrupocellaria   scabra,    var.    paenulata, 

Norm. 
Caberea  ellisii,  Flem. 

elongata,  Nordg. 

harrnsworthii,  Wat. 

murrayana,  typ.  Johnst. 

var.  fruticosa,  Pack. 

Kinetoskias  arborescens,  Kor.  et  Dan. 
Flustra  membranaceo-truncata,  Sm. 

securifrons,  Pall. 

Pseudoflustra  solida,  Stimps. 

var  hincksi. 

Membranipora  craticula,  Aid. 

lineata,  L. 

Tessarodoma  gracile,  M.  Sars. 


Schizoporella  elmwoodiae,  Wat. 

harrnsworthii,  Wat. 

lineata,  Nordg. 

cruenta,  Norm. 

reticulato-punctata,  Ilincks. 

porifera,  Hincks. 

Myriozoum  coarctdtum,  M.  Sars. 
Hippothoa  hyalina,  L. 
Cribrilina  annulata,  var. 

spitzbergensis,  Norm. 

watersi,  Anders. 

Lepralia  spathulifera,  Sm. 
Porella  compressa,  Sow. 

saccata,  B. 

peristomata,  Nordg. 

struma,  Norm. 

smitti,  Kl. 

normani,  Kl. 

plana,  Hincks. 

Palm,icellaria  skenei.  Sol.,  var.  tridens,  B. 
Smittia  majuscula,  Sm. 

jeffreysii,  Norm. 

Umbonula  patens,  Sm. 
Escharoides  rosacea,  B. 

sarsii,  Sm. 

Mucronella  appensa,  Hass. 

labiata,  Boeck. 

pavonella,  Aid. 

sinccra,  Sm. 

stenostoma,  Sm. 

Retepora  beaniana,  Kjng. 

cellulosa,  L. 

elongata,  Sm. 

RhampJiostomella  radiatula,  Hincks. 

scabra,  Fabr. 

Cellepora  incrassata,  Sm. 

ventricosa,  Lor. 

nodulosa,  Lor. 

nordgaardi,  Kl. 

Crisia  geniculata,  Sm. 

arctica,  M.  Sars. 

sp.? 

Idmonea  atlantica,  Forb. 

Diastopora  obelia,   Jonst.,  var.  arctica, 

Wart. 
Reticulipora  intricaria,  Sm. 
Stomate  para  diastoporides,  Norm. 
Tubulipora  flabellaris,  Fabr. 

penicillata,  Fabr. 

ventricosa,  B, 

sp.? 

Hornera  lichenoides,  L. 
Lichenopora  hispida.  Fiera. 

verrucaria,  L. 

Defrancia  lucernaria,  M.  Sars. 
Alcyonidium  hirsutum,  Flem. 
Flustrella  hispida,  Fabr. 
Bowerbankia  arctica,  B. 

Erdoprocta. 

Barentsia  gracilis,  Sars. 

major,  Hincks. 

t/oxosoma  nitschei. 
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Crustacea 

Copepoda  (nach  A.  Linko). 

Acartia  longiremis  (Lilljeb.)- 

clausi,  Giesbr. 

Calanus  finmarchicus  (Gunn.). 

hyperhoreiis,  Kr. 

Centropages  hamatus,  Lilljeb. 

typicus,  Kr. 

Harpacticus  uniremis,  Kr. 
Idyafurcata  (Baird). 
Metridia  longa  (Lubb.)- 
Microsetella  atlantica,  Br.  et  Rob. 
Oithona  plumifera,  Baird. 

similis,  Claus. 

Oncaea  conifera,  Giesbr. 

-minuta,  Giesbr. 

Pseudocalanus  elongahis,  Boeck. 
Rhincalanus  nasutus,  Giesbr. 
Temora  longicornis,  MùU. 
Tliaumaleits,  sp.? 

Cirripedia 

Balanus  balanoides,  L. 

' porcatus,  Da  Costa. 

Phyllopoda 

Evadne  nordmanni,  Loven. 
Podon  leucarti,  G.  O.  Sars. 

Ostracoda 

Philomedes,  sp.? 

Amphipoda  (nach  E.  von  der  Brtjg- 

gen). 
Hyperia  galba.  Mont. 
Euthemisto  compressa,  Goes. 

bispinosa,  Boeck. 

Parathemisto  oblivia,  Kr. 
Hyale  nilsoni,  Rathke. 
Socarnes  vahli,  Kr. 
Aristias  tumidus,  Kr. 
Ambasia  murmanica,  Briig. 
Tryphosa  nanoides,  Lillj. 
Anonyx  nugax,  Phipps. 
Onesimus  edwardsii,  Kr. 
Orchomenella  minuta,  Kr. 
Harpinia  neglecta,  G.  O.  Sars. 
Phoxocephalus  holbôlli,  Kr. 
Pontoporeia  femorata,  Kr. 
Argissa  typica,  Boeck. 
Ampelisca  macrocephala,  Lillj. 

eschrichtii,  Kr. 

Haploops  tubicola,  Lillj. 
Byblis  gaimardii,  Kr. 
Stegocephalus  inflatus,  Kr. 
Amphilochus  manudens,  Sp.  Bâte. 
Paroediceros  lynceus,  M.  Sars. 
Monoculodes  latiman-us,  Goes. 

borealis,  Boeck. 

tesselatus,  Schneider. 


Aceros  phyllonyx,  M.  Sars. 
Pleustes  panoplus,  Kr. 
Sympleustes  glaber,  Boeck. 
Neopleustes  assimilis,  G.  O.  Sars. 

pulchella,  Kr. 

Epimeria  loricata,  G.  O.  Sars. 
Paramphitoe  cuspidata,  Lepech. 
Pardalisca  cuspidata,  Kr. 
Rhachotropis  aculeata,  Lepech. 

macronyx,  G.  O.  Sars. 

Apherusa  megalops,  G.  O.  Sars. 

tridentata,  Bruz. 

Gamarellus  homari,  Fabr. 

angulosa,  Rathke. 

Gammanis  locusta,  L. 
Lilljeborgia  pallida,  Sp.  Bâte. 
Protomedeia  fasciata,  Kr. 

grandimana,  Brûg. 

Gammaropsis  Tnelanops,  G.  O.  Sars. 
Amphithoe  rubricata.  Mont. 
Ischyroceros  minutus,  Lillj. 
Unciola  planipes,  Norm. 
Corophium  crassicorne,  Bruz. 
Caprella  septentrionalis,  Kr. 

Isopoda  (nach  E.  von  der  Brtjggen). 

Calathura  brachiata,  Stimp. 

Gnathia,  sp.? 

Idothea,  sp.? 

Jaera  marina,  Fabr. 

Aega  psora,  L. 

Schizopoda  (nach  A.  Linko). 
Rhoda  inermis,  Kr. 

raschii  (M.  Sars). 

Parerythrops  robusta  (Smith). 
Stylomysis  grandis  (Goës). 
Praunus  inermis  (Rathke). 

flexuosus  (MûlL). 

M  y  sis  oculata  (Fabr.). 
mixta,  Lillj. 

Leptostraea 

Nebalia  bipes  (Fabr.). 

Cumacea  (nach  K.  Derjugin). 

Diastylis  goodsiri  (Bell.). 
rathkii  (Kr.). 

Decapoda  (nach  K.  Derjugin). 
Pandalus  borealis,  Kr. 
Crangon  boreas,  Phipps. 
Pontophilus  norwegicus,  M.  Sars. 
Sabinea  septemcarinata,  Sabine. 
Hippolyte  gaimardi,  M.  Edw. 

phippsi,  Kr. 

spinus,  Sow. 

polaris,  Sabine. 

borealis,  Owen. 

Eupagurus  pubescens,  Kr. 

Hyas  araneus,  Linn.,  var.  Jioeki,  Bir. 

coarctata,  Leach. 
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Echinodermata  (nacii  M.  Michailow- 

SKY    UND    M.    KaLISCHEWSKY). 

Cucumaria  frondosn  (Gunner.) . 

calcigera  (Stimpson). 

Psolus  phantapun  (Strussenfeldt). 

fabricii  (Diiben  et  Koren). 

Eupyrgus  scaler,  Lùtken. 
Chiridota  laevis  (Fabr.) 
Myriotrockus  rinkii,  Steenstrup. 

Echinoidea 

Strongyloccntrotus  droebachiensis,  O.  F. 

Mull. 
Asteroidea 

Ctenodisciis  crispatus  (Retzius),  forma 

brcvimana,  Kal. 
Regaster  tumidus  (Stuxberg.),  var.  tu- 

berculatus  (Sladen). 
Crossaster  papposus  (L.). 
Solaster  endeca  (Retzius). 
Pteraster  militaris  (O.  F.  Mûller). 

• —  pulvillus,  M.  Sars. 

Cribrella  sanguinolenta  (Mùller). 
Asterias  linckii  (Mûller  &  Troscliel). 

rubens,  L.,  var.  violacea,  Perr. 

Ophiura  sarsi,  Lûtk. 
Ophiopholis  acideata  (L.). 
Ophiocantha  bidentata  (Retzius). 
Ophioscolex       glacialis,       Mûller        & 

Troschel. 
Gorgonocephnlus    eucnemis    (Mûller    & 

Troschel). 
agassizi,  Stimpson  (?  ). 

Crinoidea 

Antedon  eschrichtî,  I.  MûU. 

Pantopoda  (nach  W.  Schimkewitsch)  . 

Pycnogonum  littorale,  Strôm. 
Pseudopallene  circularis,  Goodsir. 
Chaetonymphon  spinosum   (Goodsir)  = 

Ch.  hirtipes  (Bell.). 
Nymphon  strômii,  Kr. 

longitarse.  (Kr.). 

grossipes  (Gubs.),  var.  mixtum 

(Kr.). 

MoUusca  (nach  N.  Ivnipowitsch). 

Amphineura 

Chiton  marmoreus,  Fabr. 

ruber,  L. 

albus,   L.,   var.   infuscatus,   Sp. 

Sch. 
Gasteropoda 
Puncturella  noachina,  L. 
Acmaea  virginea,  Mûll. 

testudinalis,  Mûll. 

Lepeta  coeca,  Mûll. 

Margarita  groenlandica,  Chemn. 

V.  umbilicalis,  Brod.  &  Sow. 


Margarita  cinerea,  Couth. 

helicina,  Phipps. 

Solariella  varicosa,  Migh.  &  Ad. 

obscura,  Courtli. 

Natica  dansa,  Brod.  &  Sow. 

gnvnlnrrdicn,  Bcck. 

Velutina  ludioloidcK,  Fabr. 
Onchidiopsi.s  glarialifi,  M.  Sars. 
Trichotropis  conica,  MoU. 

borealis,  Brod.  &  Sow. 

Trochus  occidctdalis,  Miji;li. 
Neptunea  lachesis,  Mrch. 

latericea,  Mûll. 

despecta,  L.,  var.  carinata,  Lam. 

Buccinum  undatum,  L. 

tenue,  Gray. 

groenlandicum,  Chemn. 

Trophon  clathratus,  L. 

var.  gounneri,  Lov. 

truncatus  f.  typica,  Strôm. 

Admete  viridula,  Fabr. 
Bêla  nobïlis,  Mont. 

bicarinata,  Couth.,  var.  violacea, 

Migh. 

harpularia,  Couth. 

rugulata,  Trosch. 

pyramidalis,  Strôm. 

trevelyana,  Turt. 

declivis,  Lov. 

Scalaria  groenlandica,  Chemn. 
Littorina  littorea,  L. 

rudis,  Met. 

palliata,  Say. 

obtusata,  L. 

Lacuna  divaricata,  Fabr. 

pallidula,  Da  Costa. 

Rissoa  (Onoba)  aculeus,  Gould. 
Skenea  planorbis,  Fabr. 
Purpura  lapillus,  L. 

L.,  var.  imbricata. 

Hydrobia  ulvae,  Penn. 

Cylichna   alba,    Brow.,    var.     corticata, 

Beck. 
Acanthodoris  pilosa,  Mûll. 
Davis  obvelata,  Mûll. 
Triopa  lacer,  MûU. 
Coryphella  rufibranchialis,  Johnst. 
PhUine  quadrata,  Wood. 

lima,  Brown. 

Limapontia  capitata,  Mûll. 
Dendronotus  arborescens,  Mûll. 

robustus,  Verril. 

Pleuroleura  walteri,  Krause. 

Scaphopoda 

Dentalium  entale,  L. 
Siphonodentalium  vitreum,  M.  Sars. 

Lamellibranchiata 

Nucula  tenuis,  Mont. 
Leda  permda,  Mûll. 
var.  minuta,  Mûll. 
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Joldia  intermedia,  M.  Sars. 

lenticida,  Môll. 

lucida,  Lov. 

hyperborea,  Lov. 

Dacridium  vitreum.,  Môll. 
Arca  glacialis,  Gray. 
Cyprina  islandica,  L. 
Mytilus  edulis,  L. 
Modiolaria  laevigata,  Gray. 

— ■ nigra,  Gray. 

Modiola  modiolus,  L. 
Anomia  ephippium.,  L. 

var.  aculeata,  L. 

Pecten  islandicus,  Miill. 

groenlandicus,  Sowerb. 

Tellina  baltica,  L. 

calcarea,  Chemn. 

Cardium  ciliatum,  Fabr. 

fasciatum,  Mont. 

groenlandicum,  Chemn. 

elegantulum,  Beck. 

Saxicava  arctica,  L. 
Mya  truncata,  L. 

var.  uddevalensis. 

Axinus  flexuosus,   Mont.,   var.  gotildi, 

Phil. 
Astarte  crebricostata,  Forb. 

banksi,  Leach. 

compressa,  L. 

borealis,  Chemn. 

Naeera  arctica,  M.  Sars. 
subtorta,  G.  O.  Sars. 

Cephalopoda 

Rossia  glaucopis,  Lov. 
Octopus  bairdii,  Verril. 

Tunicata  (nach  W.  Redikorzew). 

Fritillaria  borealis,  Lohm. 
Oikopleura  labradoriensis,  Lohm. 
Halocynthia  arctica  (Hartm.). 

aurantium  (Pall.). 

Styela  loveni  (Sars.). 

nistica,  L. 

—  finmarkiensis  (Kiaer.). 


Polycarpa  pomaria  (Sav.) 
Ciona  intestinalis,  L. 
Ascidia  obliqua,  Aider. 

prunum,  Miill. 

dijmphviana  (Traust.). 

Chelyosoma  marJcayanum,  Brod.  &  Sow. 
Sarcobotrylloides  aureum,  Sars. 
Distomus  cristallinus,  Ren. 


Aplidium  flavum,  Huitf eldt-Raas. 
Amaroucium  translucidum,  Ritt. 

• mutabile,  Sars. 

Dendrodoa  kilkenthali,  Hartm. 
Distaplia  clavata  (Sars.). 
Leptoclinum  roseum  (Sars.). 
Didemnopsis  variabile  (Huitf.). 

Pisces     (nach     K.     Derjugin,     W. 

Soldatoff). 
Sebastes  marinus,   L.,  var.  norvegiciis, 

Ase. 
Icelus  hamatus,  Krôyer. 
Triglops  pingeli,  Reinh. 
Centridermichthys  uncinatus,  Reinh. 
Cottus  scorpius,  L. 

bubalis,  Euphr. 

Gymnocanthus  ventralis,  Cuv. 
Agonus  decagonus,  Blainv. 
Centronotus  (Pholis)  gunellus,  L. 
Enchelyopus  (Loarces)  viviparus,  L. 
Lumpenus  lampretiformis,  Walb. 

maculatus,  B.  Fries. 

fabricii,  Cuv.  et  Val. 

Annarichas  lupus,  L. 
Cyclogaster  gelatinosus,  Pall. 

liparis,  L. 

Cyclopterus  lumpus,  L. 
Pleuronectes  platessa,  L. 

flesus,  L. 

cynoglossus,  L. 

limanda,  L. 

Drepanopsetta  platessoides,  Fabr. 

Brosmius  brosme,  Asc. 

Gadus  callarias  (s.  morrhua),  L. 

virens,  L. 

aeglefinu^,  L. 

Ammodytes  tobianus,  L. 

Ly codes  vahli,  Reinh.,  var.  septentrio- 

nalis,  Knip. 
Lycenchelys  sarsi,  Coll.,  var.  septentri- 

onalis,  Knip. 
Clupea  harengus,  L. 
Gasterosteus  aculeatv^,  L. 
Salmo  umbla,  L.,  var.  alpinus,  L. 

salar,  Sund.,  var.  truiia,  Flemm. 

var.  nobilis,  Smitt. 

Mallotus  arcticus,  Fabr. 

Acanthorhinus  carcharias,  Gunn. 

Raja  radiatn,  Donov. 

Orcynus  {Thynnus)  thynniis,  L. 

Paralepis  borealis,  Jord.  et  Gillb. 

Gadus  saida,  Lepech. 

mcrlangus,  L. 


Die  letzten  vier  Arten  sind  sehr  selten  vorhanden. 


Viele  Arten  verschiedener  Gruppen  sind  bis  jetzt  noch  nicht  bestimmt. 


THE   THEORY   OF   ABYSSAL   LIGHT 
C.  C.  NUTTING 

SoME  years  ago  the  writer  became  interested  in  problems  con- 
nectée! with  the  inhabitants  of  the  deep  sea,  particularly  their  colors 
and  phosphorescence. 

In  the  course  of  his  investigations  two  papers  were  published, 
one  on  "The  Colors  of  Deep-Sea  Animais"  {Proceedings  of  the  lowa 
Academy  of  Sciences,  1898),  and  the  other  on  "The  Utility  of  Phos- 
phorescence in  Deep-Sea  Animais  "  {American  Naturalist,  33,  1899). 

In  thèse  papers  the  position  was  taken  that  both  the  colors  and 
phosphorescence  of  bathyssal  animais  are  of  definite  use  to  their 
possessors,  and  come  under  the  same  laws  as  similar  phenomena  in 
shallow  waters. 

Although  little  investigation  along  thèse  lines  has  been  reported 
since  the  appearance  of  the  papers  mentioned,  and  although  most 
writers  who  mention  the  matter  seem  to  assume  that  thèse  characters 
are  of  use  to  their  possessors,  there  hâve  been  some  who  hâve  declared 
an  opposite  opinion.  This  class  may  be  represented  by  Beddard  (who, 
however,  wrote  before  the  appearance  of  my  papers),  who  says  : 

"The  inévitable  conclusion,  therefore,  from  thèse  facts,  appears  to  be 
that  the  brilliant  and  varied  coloration  of  deep-sea  animais  is  totally 
devoid  of  meaning.  They  cannot  be  of  advantage  for  proteetive  purposes, 
or  for  warning  colors,  for  the  single  and  sufficient  reason  that  they  are 
invisible."     {Animal  Coloration,  p.  37.) 

Beddard  bases  this  opinion  on  the  fact  that  many  of  the  deep-sea 
animais,  particularly  the  isopods  wùth  which  lie  is  familiar,  hâve  eyes 
so  degenerate  as  to  be  functionless, 

One  of  my  countrymen,  Hargitt  of  Syracuse  University,  goes  to 
the  extent  of  frankly  ridiculing  the  idea  that  the  phosphorescence  of 
bathyssal  animais  is  of  utility.    He  says  : 

"The  desperate  attempt  to  save  Natural  Sélection  from  drowning  in 
its  submarine  adventures  by  lighting  its  abyssal  path  with  the  flickering 
and  fitful  shimmer  of  phosphorescence  were  worthy  of  a  better  cause. 
.  .  .  But  the  attempt  to  illuminate  the  quiescent  abysses  with  the  dull 
glow  which  under  ail  known  conditions  requires,  if  not  violent,  at  least 
vigorous  stimulus  to  incite  it,  and  the  assumption  that  its  services  were 
sufficient  to  meet  even  a  moiety  of  the  necessities  involved,  niakes  a  draft 
upon  one' s  credulity  which  might  arouse  either  indignation  or  the  sensé 
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of  the  ludicrous,  depending  upon  the  point  of  view."     (Some  Unsolved 
Problems  of  Organic  Adaptation,  p.  512.) 

Doubtless  the  profundity  of  the  above  argument  might  well  be 
expected  to  render  deep-sea  investigations  mère  triviahties  in  com- 
parison;  but,  nevertheless,  it  has  seemed  to  me  worth  while  to  inves- 
tigate  the  subject  in  a  more  leisurely  and  systematic  way,  to  go  over 
the  évidence,  assemble  as  many  facts  as  time  will  allow,  and  to  again 
state  the  conclusions  in  as  unprejudiced  a  manner  as  possible. 

The  theory  of  abyssal  light  was  originally  promulgated  by  Car- 
penter,  I  believe,  and  it  has  since  been  held  (implicitly  or  explicitly) 
by  raost  of  the  more  eminent  authorities  on  the  deep  sea.  Wyville 
Thomson,  in  his  Voyage  of  the  Challenger,  1,  p.  122,  says: 

"The  trawl  seemed  to  hâve  gone  over  a  regular  field  of  a  délicate 
simple  Gorgonid.  .  .  .  The  stems,  whieh  were  from  eighteen  inches  to 
two  feet  in  length,  were  coiled  in  great  hanks  around  the  trawl-beam  and 
engaged  in  masses  in  the  net  ;  and  as  they  showed  a  most  vivid  phosphor- 
escence of  a  pale  lilac  color,  their  immense  number  suggested  a  wonder- 
ful  state  of  things  beneath,  —  animated  corn-fields  waving  gently  in  a 
slow  tidal  current  and  glowing  with  a  soft,  diiïused  light,  scintillating 
and  sparkling  on  the  slightest  touch,  and  now  and  again  breaking  into 
long  avenues  of  vivid  light  indicating  the  paths  of  fishes  or  other  wan- 
dering  denizens  of  their  enchanted  région." 

Alexander  Agassiz,  the  foremost  American  authority  on  Thalas- 
sography,  in  his  Three  Cruises  of  the  Blaice,  p.  398,  says  : 

"The  contents  of  the  trawl  are  frequently  brilliantly  phosphorescent, 
and  among  the  denizens  of  the  deeper  régions  are  a  number  of  highly 
luminous  Anthozoa  ophiurians,  hydroids,  crustacea  and  even  fishes. 
Swimming  and  creeping  among  the  forests  of  gorgonians  which  become 
luminous  by  disturbances  due  to  currents  or  other  movements,  the  deep- 
sea  Crustacea,  fishes,  cephalopods,  echinoderms  and  others,  must  be 
able  to  see  a  considérable  distance  during  the  émission  of  the  phosphor- 
escent light  and  thus  secure  assistance  in  searching  for  their  food." 

David  S.  Jordan,  in  his  Guide  to  the  Study  of  Fishes,  2,  p.  131, 
says  : 

"The  Iniomi  or  'lantem  fishes'  .  .  .  are  soft  in  body,  black  or 
silvery  black  in  color,  and  ail  that  live  in  the  deep  sea  are  provided  with 
luminous  spots  or  glands  giving  light  in  the  abyssmal  depths.  Thèse 
spots  are  wanting  in  the  few  shore  species." 

Samuel  Garman,  in  his  masterly  monograph  of  the  fishes  secured 
by  the  "Albatross"  ofï  the  west  coast  of  America,  says: 

"The  condition  of  the  eyes  of  deep-sea  fishes  îs  important  évidence 
in  support  of  the  theory  of  an  abyssal  light;   it  also  tends  to  establish 
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the  idea  that  this  light  in  comparison  with  that  of  the  sun  is  very  weak 
indeed.  ^Nlost  ot'ten  the  eyes  of  bathybial  animais  are  larger  than  tiiose 
of  their  kindred  near  the  surface.  Entire  absence  of  light  would  hâve 
favored  the  détérioration  and  loss  of  the  eye,  but  the  eyes  hâve  become 
rudimentary  in  hardly  a  dozen  of  the  multitude  of  known  deep-sea 
species." 

Gunther,  in  the  introduction  to  his  Deep-Sea  Fishes  of  the  Chal- 
lenger Expédition,  p.  xxix,  says  : 

"  Light-producing  organs  are  very  generally  distributed  in  the  abyssal 
fauna,  and  those  parts  of  the  depths  of  the  océan  in  which  phosphor- 
escent animais  are  abundant  must  be  sufïiciently  illuminated  to  enable 
such  of  them  as  are  provided  with  well-developed  eyes  to  perceive  ob- 
jects  with  as  much  distinctness  as  do  the  pelagic  forms  which  sport  at 
the  surface  at  night,  and  are  dépendent  on  the  light  of  the  moon  and 
stars  and  the  gênerai  phosphorescent  light  around  them." 

Other  authorities  could  be  quoted,  but  thèse,  it  is  hoped,  are 
enough  to  show  that  those  who  believe  in  an  abyssal  phosphorescent 
light  sufïicient  to  be  of  utility  to  deep-sea  animais  are  numerous  and 
eminent  enough  to  command  respect,  and  that  ridicule  is  hardly  a 
well-chosen  weapon  with  which  to  attack  them. 

There  are  some  among  those  who  hold  that  there  is  light  in  the 
depths  of  the  sea  who  believe  that  this  light  is  derived  from  the  sun. 
There  is,  however,  no  direct  évidence  whatever  that  the  solar  rays 
penetrate  beyond  a  possible  limit  of  about  200  fathoms.  Tests  wnth 
photographie  plates  show  that  they  are  not  efïected  at  a  depth  of  even 
100  fathoms,  and  it  is  hardly  possible  that  real  abyssal  régions  are 
penetrated  to  an  extent  that  would  be  discernible  to  eyes  constructed 
on  any  known  plan  found  among  animais. 

Returning,  then,  to  the  discussion  of  phosphorescence  in  the  deep 
sea,  it  may  be  said  that  no  one,  so  far  as  I  know,  questions  the  présence 
of  phosphorescent  organs.  The  real  question  is  whether  the  phos- 
phorescence in  the  deep  sea  is  in  sufficient  quantities  to  meet  the 
demands  of  functional  eyes. 

In  order  to  discuss  this  question  intelligently  I  hâve  taken  some 
pains  to  examine  some  of  ôur  more  extensive  works  on  the  fishes, 
crustacea  and  some  of  the  lower  invertebrates  in  order  to  find  the 
comparative  number  of  bathyssal  forms  possessing  true  phosphores- 
cent organs.  For  the  purpose  of  this  discussion  I  hâve  considered 
those  forms  only  that  hâve  been  secured  at  a  depth  of  not  less  than  500 
fathoms,  assuming  that  that  is  surely  beyond  the  reach  of  effective 
solar  light. 

In  securing  this  data  regarding  bathyssal  fishes  I  hâve  made  use 
mainly  of  two  works,  i.  e.,  Oceanic  Ichthyology,  by  Goode  and  Bean, 
as  representing  the  most  comprehensive  survey  cf.  the  Altantic,  par- 
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ticiilarly  the  North  Atlantic;  and  Garman's  work  on  the  Fishes 
secured  by  the  U.  S.  S.  "Albatross"  off  the  west  coast  of  America, 
in  which  most  careful  descriptions  are  given  of  a  large  number  of 
deep-sea  fishes  from  the  Pacific. 

After  tabulating  the  évidence  from  thèse  two  works,  I  find  that  no 
less  than  44  per  cent  of  ail  the  fishes  taken  from  below  500  fathoms 
possess  organs  for  the  production  of  phosphorescent  light,  and  that 
thèse  organs  hâve  appeared  in  a  number  of  widely  separated  groups. 
This  percentage  is  considerably  greater  than  is  found  among  shallow- 
water  forms. 

One  of  the  most  significant  results  of  the  investigations  of  Lenden- 
feld,  Garman,  Green  and  others  concerning  the  phosphorescent 
organs  of  fishes  is  the  very  high  degree  of  specialization  and  compli- 
cation attained  by  them  for  rendering  more  eflfective  their  light-pro- 
ducing  and  light-distributing  powers.  Some  of  thèse  hâve  optical 
arrangements  for  focusing  and  directing  a  beam  of  light  which  involve 
true  reflectors  and  lenses  in  addition  to  the  light-producing  organs. 

Moreover,  Lendenfeld  describes  nerves  for  their  control,  while 
the  richness  of  their  vascular  supply  indicates  highly  functional  and 
active  structures. 

I  submit  that  it  is  perfectly  fair  to  reason  that  organs  of  such 
high  complexity  and  definite  specialization  serve  a  definite  and 
spécial  function  in  the  economy  of  the  organism,  and  that  their 
number  in  the  deep  sea  tells  a  forceful  story  of  high  adaptations  to 
definite  conditions. 

Nor  are  thèse  organs  confined  to  fishes.  Many  examples  could 
be  cited  among  the  crustaceans,  mollusks,  worms,  etc.,  that  would 
give  just  as  definite  testimony,  were  there  time  to  discuss  it. 

It  seems  altogether  probable,  however,  that  by  far  the  greater 
amount  of  the  phosphorescence  of  the  great  depths  is  produced  by 
the  cœlenterates,  —  a  group  in  which  I  hâve  a  spécial  interest  and  in 
which  I  hâve  donc  considérable  work  ;  and  my  belief  is  that  hère  we 
hâve  a  source  of  bathyssal  light  sufficient  to  yield  a  dim,  but  évident, 
illumination  over  considérable  areas  of  the  sea  bottom. 

Such  expressions  as  "Forests  of  gorgonians  "  and  "Fields  of  Al- 
cyonaria  "  are  no  mère  figures  of  speech,  but  represent  facts  that  can 
be  attested  to  by  any  experienced  field  worker  in  the  realm  of  deep- 
sea  animais.  Any  one  who  lias  actually  engaged  in  deep-sea  drcdging 
to  any  considérable  extent  has  been  struck  by  the  fact  that  life  seems 
to  be  massed  in  definite  spots  and  areas,  where  it  flourishes  in  an  ex- 
travagance of  profusion  indicating  an  actual  quantity  of  organic  life 
unknown  either  on  land  or  in  shallow  water.  Many  such  localities 
are  particularly  noteworthy  on  account  of  the  abundance  of  alcyona- 
rian  life;  and  we  may  confidendy  believe  that  thèse  localities  are 
actually  characterized  by  an  amount  of  gênerai  phosphorescent 
illumination  sufficient  to  enable  animais  with  eyes  adapted  to  a  dim 
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light  to  use  them  to  advantage  in  seeking  their  prey  and  eluding  their 
enemies. 

Turning  from  the  discussion  of  the  direct  évidence  of  an  abyssal 
phosphorescent  Hght  to  the  no  less  important  subject  of  the  inchrect 
évidence,  it  seemed  to  me  that  the  actual  facts  regarding  the  eyes  of 
bathyssal  animais  would  be  an  aid  in  our  investigation. 

Such  a  line  of  research  makes  it  quite  évident  that  many  eminent 
writers  hâve  been  led,  unconsciously  perhaps,  to  attribute  alto- 
gether  too  much  importance  to  the  relatively  few  cases  of  forins  with 
rudimentary  or  functionless  eyes  whose  relatives  in  shallow  water 
hâve  normal  eyes. 

Wishing  to  ascertain  the  facts  concerning  this  class  of  animais,  I 
ha\e  tabulated  the  eyes  of  fishes  coming  from  not  less  than  500  fath- 
oms  according  to  the  évidence  found  in  the  two  works  on  deep-water 
fishes  already  referred  to. 

Dividing  the  eyes  in  the  tabulation  into  large,  médium  and  small 
(including  rudimentary  eyes),  I  find  that  47  per  cent  of  the  249  species 
tabulated  from  thèse  two  works  hâve  eyes  that  are  described  by  the 
authors  as  large,  while  but  25  per  cent  hâve  eyes  described  as  small 
or  rudimentary.  That  is,  there  are  nearly  twice  as  many  species 
having  eyes  larger  than  normal  as  there  are  with  eyes  smaller  than 
normal. 

Now  it  will  be  admitted,  I  think,  that  the  tendency  is  always 
toward  the  diminution  in  size  of  eyes  or  any  other  organ  when  sub- 
mitted  for  long  periods  to  an  environment  that  nécessitâtes  disuse; 
while  hère  we  find  a  very  marked  increase  in  size  of  the  eyes  of  a 
numerous  and  widely  distributed  class  of  animais  when  submitted  to 
bathybial  conditions,  so  that  in  gênerai  it  may  be  said  that  their 
eyes  are  actually  larger  than  those  possessed  by  fishes  living  near  the 
surface  and  rendered  functional  by  continued  use  in  the  présence  of 
the  rays  of  the  sun. 

It  is  of  interest  to  discuss  a  typical  deep-sea  family  of  fishes  in  this 
connection,  and  I  hâve  investigated  therefore  the  condition  of  the  eyes, 
in  what  appears  to  be  one  of  the  most  typical  bathyssal  families  of 
fishes  known,  and  at  the  same  time  a  comparatively  large  and  widely 
distributed  one.    I  refer  to  the  family  Macruridae. 

Of  the  125  species  enumerated  in  Garman's  list  of  this  family, 
only  35  hâve  been  secured  at  depths  of  less  than  300  fathoms,  and  60 
per  cent  of  them  hâve  been  taken  from  over  500  fathoms.  Probably 
less  than  20  per  cent  of  them  hâve  been  taken  from  depths  to 
which  sunlight  can  reasonably  be  supposed  to  penetrate  so  as  to  be 
effective. 

In  this  family  I  hâve  found  but  two  cases  in  which  species  are  de- 
scribed as  having  small  eyes,  and  an  immense  majority  are  described 
definitely  as  having  large  eyes. 

It  seems,  then,  that  thèse  typical  deep-sea  animais  almost  uniformly 
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hâve  eyes  that  are  described  as  large,  eyes  adapted  to  use  in  an  envi- 
ronment  in  which  light,  a  dim  light,  is  présent  in  sufficient  quan- 
tities  to  l^e  of  utility  to  the  animais  with  functional  eyes  that  inhabit 
those  depths  to  which  sunlight  cannot  reasonably  be  supposed  to 
penetrate. 

None  of  the  Macruridae  possess  spécial  luminous  organs,  and  they 
must  therefore  dépend  on  light  other  than  their  own.  This  consid- 
ération lends  plausibility  to  the  view  that  there  are  areas  at  the  sea 
bottom  that  are  provided  with  a  gênerai  phosphorescent  illumina- 
tion furnished  largely  by  the  lower  invertebrates,  particularly  the 
alcyonarians  and  hydroids. 

Another  large  group  that,  in  gênerai,  possesses  functional  eyes 
and  has  numerous  représentatives  in  deep  water  is  the  Crustacea. 

In  the  "  Challenger  "  Report  on  the  ]\Iacrura  by  C.  Spence  Bâte  I 
find  about  95  descriptions  of  species  from  500  fathoms  or  over  and 
including  référence  to  the  size  of  the  eyes.  Of  thèse,  40  hâve  large 
eyes,  38  hâve  eyes  of  médium  size,  and  16  hâve  small  eyes;  while  but 
one  is  eyeless.  Hère  w^e  hâve  a  corroboration  of  the  testimony  derived 
from  a  study  of  the  deep-sea  fishes,  nearly  half  of  the  bathyssal  Ma- 
crura  having  eyes  larger  than  the  average. 

That  the  eyes  of  deep-sea  fishes  and  crustacea  are  not  likely  to  be 
simply  the  survivais  handed  down  from  their  ancestors  of  shallow 
waters  seems  probable  from  the  statement  made  by  Wyville  Thom- 
son in  his  introduction  to  the  "  Challenger  "  Report,  p.  50  : 

"There  is  every  reason  to  believe  that  the  existing  physical  condi- 
tions of  this  (the  bathyssal)  area  date  from  a  very  remote  period,  and  that 
the  présent  fauna  of  the  deep  sea  may  be  regarded  as  being  directly  de- 
scended  from  faunse  which  hâve  successively  occupied  the  deep  sea." 

It  would  take  considérable  credulity  to  believe  that  during  this 
great  period  of  time  the  eyes  of  deep-sea  animais  could  so  very  gen- 
erally  increase  in  size  in  the  absence  of  light  sufficient  to  serve  a  useful 
purpose. 

Attention  should  also  be  called  to  the  fact,  alhided  to  by  several 
authors,  that  animais  which  we  know  to  hâve  lived  for  many  gén- 
érations in  absolute  darkness,  that  is,  cave  animais,  are  wnthout 
exception  eyeless,  and  this  is  what  could  be  expected  in  the  case 
of  deep-sea  animais,  were  there  absolute  darkness  there. 

The  brachyuran  crabs,  although  including  a  host  of  species,  hâve 
not  invaded  the  deeps  to  any  considérable  extent,  and  are  therefore 
not  available  for  our  investigation. 

The  Isopoda,  however,  are  of  very  spécial  importance  in  this  con- 
nection, because  many  species  are  blind,  and  it  is  this  fact  that  seems 
to  hâve  furnished  the  main  argument  against  the  theory  of  abyssal  light 
in  the  minds  of  such  men  as  Wyville  Thomson,  and  particularly 
Beddard,  who  reported  on  the  isopods  of  the   "Challenger."     The 
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following  remarks  are'quoted  Verbatim   from  his  report,  pp.  165, 
166: 

"  It  has  been  long  known  that  the  deep-sea  Crustacea,  as  well  as  other 
deep-sea  animais,  are  commonly  blind,  but  the  puzzling  fact  that  this  is 
by  no  means  universally  the  case  has  exercised  the  iiigenuity  of  natu- 
ralists  ;  the  well-known  theory  of  abyssal  light  has  been  brought  t'orward 
as  an  explanation  of  the  persistence  of  eyes  in  certain  fornis." 

I  wish  to  call  attention  to  the  fact  that  Beddard  herc  makcs  the 
serions  error  of  reversing  the  actual  situation.  Instead  of  deep-sea 
animais  being  "commonly  blind,"  we  hâve  seen  that  they  commonly 
hâve  eyes  larger  than  the  normal.  The  theory  of  abyssal  light  is 
based  on  the  condition  of  a  great  majority  of  deep-sea  animais,  and 
not  upon  exceptional  cases.  This  fact  seems  to  me  to  be  of  great 
significance.     Beddard  continues: 

"xA.mong  the  Isopoda,  thirty-four  of  the  deep-sea  species  are  totally 
blind,  and  three  others  may  in  ail  probability  be  added  to  this  list;  in 
four  species  .  .  .  the  eyes  are  evidently  degenerate  ;  in  eighteen  species, 
on  the  other  hand,  there  are  well-developed  eyes.  In  the  first  place,  it  is 
noteworthy  that  of  the  eleven  peculiar  deep-sea  gênera  only  two  .  .  . 
hâve  eyes  ;  of  the  remaining  species  seven  belong  to  gênera  of  which  the 
shallow  water  représentatives  invariably  possess  eyes."  In  a  footnote, 
however,  he  says:  "  This  includes  those  species  with  imperfect  eyes,  evi- 
dently on  the  way  to  disappearance." 

"  On  the  other  hand,  the  remaining  eighteen  .  .  .  belong  to  gênera 
which  are  invariably  blind,  even  when  occurring  in  shallow  water.  It 
must  not  be  forgotten  that  certain  gênera  .  .  .  which  are  confined  to 
shallow  water  are  blind.  It  is  extremely  difficult  to  conceive  of  any 
reason  for  this  great  différence." 

It  seems  to  me  that  an  explanation  might  be  suggested  that,  to 
say  the  least,  appears  not  to  be  unreasonable. 

The  isopods  are  a  group  which,  as  a  whole,  lead  sedentary  lives, 
many  being  more  or  less  parasitic.  Many  species  and  some  whole 
gênera  inhabiting  both  deep  and  shallow  water  hâve  lost  their  eyes. 
This  tendency  toward  degeneration  of  the  eyes  being  widespread 
among  them  would,  it  seems  to  me,  be  distinctly  accelerated  by 
long-continued  résidence  in  deep  water,  where  the  light  is  certainly 
much  more  dim  than  in  the  upper  strata.  Thus  we  would  reasonably 
expect  to  find  a  greater  number  of  blind  forms  in  the  abyssal  régions 
than  in  shallow  water;  and  this  is  just  the  condition  of  afîairs  de- 
scribed  by  Beddard  above.  That  so  many  isopods  hâve  retained  their 
eyes  in  deep  water  in  spite  of  this  tendency  seems  to  me  to  distinctly 
bear  out  the  idea  of  a  dim  abyssal  light. 

Practically  the  same  argument  applies  to  the  Pycnogonida,  a  group 
also  largely  composed   of  species  of  a  more  or  less  sedentary   life. 
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Several  of  them  hâve  rudimentary  eyes,  although  inhabiting  shallow 
water.  Among  those  from  500  fathoms  or  more,  5  hâve  apparently 
functional  eyes,  3  hâve  rudimentary  eyes,  and  6  are  eyeless.  Four  of 
the  latter  belong  to  a  single  genus. 

The  tendency  of  this  group  toward  degeneration  of  the  eyes  is 
shown  in  the  bhnd  shallow-water  species,  this  tendency,  as  in  the 
isopods,  being  distinctly  accelerated  in  deep  water,  as  might  be, 
expected. 

The  time  at  my  disposai  has  been  insufficient  to  permit  me  to  carry 
out  this  line  of  investigation  in  the  remaining  groups  of  eyed  inver- 
tebrata,  such  as  the  annelids,  mollusks,  etc.  I  know  of  nothing,  how- 
ever,  among  them  that  would  négative  the  results  obtained  in  a  study 
of  the  Crustacea. 

In  summing  up  the  évidence  afîorded  by  the  eyes  of  deep-sea 
animais,  it  seems  that  the  following  conclusions  may  be  justified  : 

1.  The  eyes  of  bathyssal  animais  are,  on  the  whole,  larger  than 
those  of  their  relatives  of  shallower  water. 

2.  This  gênerai  tendency  to  enlarged  eyes  in  so  many  groups  is 
an  évidence  of  a  dim  bathyssal  light. 

3.  The  eyeless  condition  is  exceptional,  except  among  certain 
groups  of  Crustacea,  which  in  shallow  water  show  a  tendency  to  de- 
generation of  the  eyes,  —  a  tendency  naturally  accelerated  under 
bathyssal  conditions. 

4.  That  certain  of  thèse  species,  belonging  to  the  Isopoda  and 
Pycnogonida,  retain  their  eyes  in  the  depths  is  évidence  that  they 
are  not  subjected  to  an  environment  of  total  darkness. 

The  time  allotted  for  this  paper  is  too  short  to  permit  an  extended 
discussion  of  the  colors  of  animais  of  the  deep  sea,  but  some  of  the 
facts  should  be  touched  upon,  as  they  bear  upon  the  matter  under 
considération. 

In  a  tabulation  of  the  colors  of  fishes  from  500  fathoms  or  below, 
using  the  same  works  as  were  consulted  in  the  discussion  of  phos- 
phorescence and  eyes,  the  following  results  appear  : 

Averaging  the  tabulation  taken  from  both  publications  I  find  that 
of  the  256  species  in  which  the  colors  are  described  more  than  two- 
thirds  are  dark-colored  or  black,  while  a  majority  of  the  remainder 
are  light  or  pale-colored,  silvery  or  translucent.  A  comparatively 
small  number  are  red  or  purplish.  A  very  few  show  yellow,  while 
two  are  blue  and  one  is  green. 

Investigating  the  records  of  the  stations  from  which  thèse  species 
were  dredged  I  find  that,  in  gênerai,  the  dark  or  black  species  come 
from  muddy  bottom  or  green  sand,  while  a  majority  or  the  lighter  col- 
ored  species  are  from  a  bottom  of  globigerina  ooze. 

The  author  wishes  to  state  at  this  point  that  he  does  not  intend  to 
présent  an  argument  hère  that  colors  of  animais,  in  gênerai,  are  adap- 
tive  to  their  surroundings;  but  assumes,  with  a  vast  majority  of  work- 
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ing  natiiralists,  that  this  is  a  fact,  this  assumption  being  hascd  on 
innumerahle  ohscrvations  rccorded  hy  others  and  notod  by  himsclf. 

Assuming,  then,  that  animais  living  where  they  are  exposcd  to  light 
derived  from  the  sun  are,  in  gênerai,  colored  so  as  to  adapt  them  to 
their  environment,  it  seems  logical,  in  view  of  the  argument  herewith 
présentée!  to  prove  the  présence  of  a  dim  abyssal  light  whieh  is  phos- 
phorescent in  character,  to  look  for  an  explanation  of  their  coloration 
along  the  Unes  of  adaptation. 

For  this  reason  I  see  no  reason  why  we  may  not  conclude  that 
Garman  is  right  when,  in  speaking  of  the  change  of  coloration  attend- 
ing  the  departure  of  fishes  from  the  sunlight  on  their  way  to  the  great 
depths,  he  says  :  — 

"The  spots,  bands,  and  other  spécial  markings  common  near  the 
surface  disappear,  and  the  appearance  becomes  uniform,  niost  often  of 
a  dark  brown  or  black,  with,  on  those  not  habitually  dwelling  in  the  mud 
or  the  dark  belt,  an  added  assimilative  or  occultative  tint  to  bring  the 
surfaces  into  harmony  with  the  pale  greenish  or  yellowish  green  light  of 
the  océan  bottom." 

This  writer  then  cites  a  very  convincing  proof  of  this  in  the  case  of 
fiounders  living  at  varying  depths  from  near  the  surface  to  the  abyssal 
région. 

It  seems,  then,  that  we  are  warranted  in  saying  that  deep-sea 
fishes  are,  in  gênerai,  protectively  colored  to  escape  their  enemies, 
and  at  the  same  time  aggressively  colored  to  enable  them  the  more 
readily  to  capture  their  prey. 

In  regard  to  the  coloration  of  the  deep-sea  invertebrates,  the  gên- 
erai facts  are  so  well  known  that  they  need  not  be  stated  hère.  They 
may  be  summarized,  however,  in  the  words  of  Alexander  Agassiz, 
Three  Cniises  of  the  Blake,  1,  p.  312:  — 

"There  is  as  great  a  diversity  of  color  in  the  reds,  oranges,  greens, 
yellows,  and  scarlets  of  the  deep-water  starfishes  and  ophiurians  as  there 
is  in  those  of  our  rocky  and  sandy  shores. 

Among  the  abyssal  invertebrates  living  in  commensalism,  the  adap- 
tation to  surroundings  is  fully  as  marked  as  in  shallow  water.  I  may 
mention  specially  the  many  species  of  ophiurians,  attached  to  variously 
colored  gorgonians,  branching  corals,  and  stems  of  pentacrinus,  scarcely 
to  be  distinguished  from  the  part  to  which  they  cling,  so  completely  has 
their  pattern  of  coloration  become  identified  with  it." 

Thèse  facts  will  be  questioned  by  no  one,  but  there  has  been  much 
diversity  of  opinion  concerning  their  interprétation.  Agassiz  himself 
suggests  that  they  constitute  an  argument  for  the  graduai  and  com- 
paratively  récent  migration  of  littoral  forms  into  deep  water. 

In  connection  with  the  prédominance  of  reds,  yellows,  orange, 
scarlets,  and  purplish  colors  it  is  interesting  to  note  that  the  analysis  of 
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phosphorescence  of  marine  animais  made  by  Mosely  showed  the  Hght 
to  he  red,  yellow,  and  green  ;  while  Captain  ]Maclear  found  the 
light  from  Umbellula  gave  a  spectrum  sharply  included  between  the 
hnes  B  and  D,  which  inchides  the  red  and  yellow  régions.  Thus 
the  phosphorescent  light  would  render  the  above  colors  conspicuous, 
giving  an  effect  the  same  in  kind,  but  not  in  degree,  that  they  display 
in  shallow  water. 

It  is  not  my  purpose  to  attempt  to  explain  the  adaptive  uses  of  thèse 
colors  but  to  suggest  that,  whatever  their  uses,  the  facts  point  to  the 
conclusion  that  they  serve  the  same  purposes  as  those  which  attend 
similar  coloration  in  shallow  water  illuminated  by  sunlight.  I  will 
add  the  personal  belief  that  tliey  will,  in  gênerai,  ultimately  be  found 
to  be  adaptive,  and  largely  protective,  especially  in  the  very  numerous 
cases  of  commensalism. 

In  regard  to  thèse  latter,  Beddard  (Animal  Coloration,  p.  38) 
says :  — 

"In  my  opinion  thèse  cases  of  resemblance  are  to  be  explained  by  the 
parasite  actually  assimilating  and  depositing  in  its  own  skin  the  pigments 
of  its  host." 

Wlien  we  remember  that  thèse  instances  of  commensalism  are  by 
far  the  most  numerous  among  the  alcyonarians,  and  that  the  pigment 
is  hère  deposited  in  calcareous  spicules,  it  requires  considérable  cre- 
dulity  to  believe  that  the  spicules  are  dissolved  and  their  color  de- 
posited in  the  integument  of  the  parasitic  ophiurians. 

It  is  true  that  fîshes  often  browse  on  the  polyps  of  corals  and 
hydroids,  but  we  hâve  no  évidence  that  they  find  gustatory  enjoyment 
in  devouring  the  calcareous  skeletons  of  corals  or  Alcvonaria,  or  in 
the  spines  of  sea  urchins,  which  are  often  most  brilliantly  colored. 

While  I  see  little  évidence  that  the  colors  of  many  cœlenterates 

are  useful  as  warnings  against  the  nematocysts,  it  is  not  impossible 

that  thev  serve  to  warn  against  the  devourino-  of  stems  and  branches 

•  .  .  ^  . 

with  their  often  jagged  spicules  and  great  relative  proportion  of  liard 

and  non-nutritious  material. 

It  seems  to  me  that  those  who  assail  the  belief  that  coloration  is 
brought  about  by  Natural  Sélection  by  claiming  that  pigments  are 
simply  the  resuit  of  metabolism,  or  reserve  or  waste  products,  entirely 
miss  the  point  of  the  argument.  Suppose,  for  the  sake  of  argument, 
that  pigments  are  produced  in  this  way.  What  is  to  prevent  Natural 
Sélection  acting  so  as  to  préserve  those  animais  in  which  thèse  pro- 
ducts are  bénéficiai,  or  beneficially  situated,  thus  producing  character- 
istic  and  useful  coloration  ?  Whatever  may  be  the  origin  of  pigments 
in  animais,  it  can  reasonably  be  argued  that  the  coloration  produced 
is  adaptive,  and  that  the  adaptation  can  most  reasonably  be  accounted 
for  along  the  Unes  of  Natural  Sélection. 

The  same  can  be  said,  in  my  opinion,  regarding  phosphorescence. 
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and  the  question  arises  —  Can  it  be  claimed  that  the  phosphorescence 
of  the  lower  invertchrates,  which  arc  sightless,  is  adaptive  ? 

A  possible  answer  to  this  question  was  indicated  in  a  former  paper 
by  the  author  (The  Colors  of  Deep-Sea  Animais,  Proccrdings  of  lowa 
Academy  of  Sciences,  p.  10,  1898),  and  has  been  criticised  by  way  of 
ridicule,  but  not  by  argument.    It  is  as  follows:  — 

"Thèse  animais  (phosphorescent  Alcyonaria  and  hydroids)  feed,  for 
the  most  part,  on  minute  crustacea  and  on  Protozoa.  Most  Oustacea, 
and  ptirticularly  their  enihryos,  hâve  functional  eyes.  IMay  thcy  not  be 
attracted  by  light,  as  is  the  case  with  shallow  water  forms  ?  The  Protozoa 
are  without  distinct  organs  of  vision,  yet  many  of  them  are  distinctly 
phototactic.  If  this  is  true,  we  hâve  a  reason  for  phosphorescence  among 
the  lower  invertebrates.     It  attracts  the  prey." 

Since  the  above  was  written,  one  of  my  students,  Wm.  B. 
Bell,  has  carried  on  a  séries  of  experiments  with  phosphorescent 
ctenophores  at  Woods  Hole.  He  found  that  small  crustaceans  were 
attracted  by  the  light  of  thèse  ctenophores  in  a  very  marked  degree. 

To  sum  up  the  content  of  this  paper,  it  seems  that  the  facts  indicate  : 

1.  A  bathyssal  light  produced  by  phosphorescence,  sufficient  to 
be  of  use  to  deep-sea  animais. 

2.  The  eyes  of  bathyssal  animais  are  larger,  on  the  average,  than 
those  of  their  relatives  in  shallow  water. 

3.  Thèse  enlarged  eyes  are  regarded  as  an  indication  that  the 
abyssal  light  is  sufficient  to  be  of  utility  to  their  possessors. 

4.  The  coloration  of  deep-sea  fishes  is  largely  protective  and 
aggressive. 

5.  The  coloration  of  the  lower  invertebrates  is  thought  to  be  adap- 
tive, as  in  the  case  of  shallow  water  animais. 

6.  The  coloration  of  commensals  may  be  protective. 

7.  It  is  held  to  be  possible  that  the  phosphorescence  of  the  lower 
eyeless  forms,  such  as  cœlenterates,  may  be  of  the  same  utility  as 
alluring  coloration  among  the  higher  animais. 


THE    DOUBLE    ORIGIN    OF    MARINE    POLAR    FAUNAS 

A.   E.   ORTMANN 

The  views  set  forth  in  the  présent  communication  are  not  entirely 
new.  They  were  first  indicated,  five  years  ago,  in  an  appendix 
to  a  paper  treating  of  the  distribution  of  freshwater  animais/  but 
apparently  hâve  escaped  attention. 

As  regards  the  question  of  bipolarity,  it  should  be  remembered 
that  there  is  no  contention  as  to  the  fact  of  the  occurrence  of  bipo- 
larity. However,  a  différence  of  opinion  exists,  first,  as  to  the  fre- 
quency  of  such  cases,  second,  as  to  their  explanation.  Certain 
writors  beheve  that  l)ipohirity  is  the  rule,  and  consequently  hâve 
looked  for  a  gênerai  explanation  for  the  similarity  of  the  }X)lar  faunas. 
On  the  other  side,  others  believe  that  bipolarity  is  comparatively 
rare,  and  that  the  marine  faunas  of  the  two  pôles  in  gênerai  are 
dissimilar.  Thèse  should  advance  a  gênerai  explanation  for  this 
dissimilarity. 

According  to  the  last  review  of  the  question,^  we  may  condense 
the  results  of  the  récent  investigations  as  follows.  Bipolarity  in  the 
strict  sensé  —  the  présence  of  an  identical  species  at  the  North  and 
South  Pôles,  while  it  is  absent  in  the  intermediate  régions  —  is  ex- 
tremely  rare,  and  there  are  hardly  any  well-established  cases.  Bipo- 
larity in  a  wider  sensé  —  présence  of  closely  allied  species  at  the  pôles, 
while  in  the  intermediate  régions  allied  forms  are  absent  —  is  a  well- 
established  fact.  The  known  cases,  however,  are  not  very  numerous, 
and  they  are  found  most  frequently  among  certain  groups,  for 
instance,  pelagic  animais,  while  in  others  (littoral  crustaceans,  echin- 
oderms,  mollusks)  they  are  practically  absent.  Besides,  there  are 
a  number  of  cases  where  certain  identical  or  closely  allied  species 
are  apparently  restricted  to  the  polar  w^aters  both  of  the  North  and 
South  Pôles.  But  this  is  duc'only  to  the  fact  that,  near  the  pôles, 
thèse  forms  are  more  easily  and  frequently  observed,  they  living 
near  the  surface  of  the  water  (pelagic  or  littoral).  Yet  récent  inves- 
tigations of  the  deeper  waters  of  the  océans  hâve  revealed  the  exist- 
ence of  thèse  forms  also  witliin  the  tropics.  Consequently  there  is 
no  discontinuity  of  distribution,  Ijut  continuity,  a  connection  of  the 

'  The  geographical  distribution  of  frosh  water  Decapods  and  its  bearing  upon 
ancient  Geography  {Pr.  Amer.  Philos.  Soc,  41,  p.  399,  1902). 

2  Kuekenthal,  W.  Die  marine  Tierwelt  des  arktischen  und  antarktischen 
Gebietes  in  ihren  gegenseitigen  Bezichungen  {Veroeff.  Instit.  Meereskunde,  Heft 
U,  1906). 
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polar  ranges  boing  prescMit  in  tho  deep  sea,  or  genrrally  in  tho  deopcr 
waters  of  lower  latitudes,  wlicrc  no  tropical  températures  prevail. 
Such  cases,  of  course»,  should  not  be  called  by  the  name  of  Bipolarity, 
this  term  implying  discontinuity  of  distribution.  However,  they 
inight  be  calle(l  fdl.sr  Bipolarity,  in  order  to  mark  their  relation  to 
truc  Bipolarity,  possibly  as  incipient  cases  of  it. 

Thus  the  fact  is  established  that  similarity  of  the  marine  polar 
faunas,  or  Bipolarity,  is  not  the  rule,  but  that  generally  the  two 
polar  faunas  are  dis.nmilar.  Tins  forces  us  to  look  for  a  gênerai 
explanation  of  this  fact,  and  in  the  paper  referred  to  I  hâve  proposed 
the  theory  that  the  dlssimilarifij  of  iJie  polar  faunas  is  due  to  différ- 
ences in  the  pre-tertiary  marine  faunas,  a  theory  whicli  is  directly 
opposed  to  the  original  assumption  of  certain  writers  that  the  sup- 
posed  normal  Bipolarity  is  due  to  a  similarity  of  pre-tertiary  marine 
faunas,  that  is  to  say,  to  a  universally  distributed  pre-tertiary  fauna. 

The  foUowing  considérations  are  to  be  introduccd  to  support  this 
idea. 

It  is  a  well-established  fact,  and  preëminently  known  to  and  real- 
ized  bv  geologists  and  paleontologists,  that  during  the  mesozoic 
time  there  existed  two  types  of  marine  faunas,  which  are  called  the 
Mediterranean  and  the  Pacific.  The  JNIediterranean  type  chiefly 
belongs  to  the  old  océan  basin  called  the  Mediterranean  or  the 
Tethys  (Suess),  and  includes,  aside  from  the  présent  Mediterranean 
Sea,  the  north  Atlantic,  and  the  océan  which  largely  covered  Europe, 
western  Asia,  and  northern  Africa.  The  Pacific  type  is  found  in  the 
région  covered  by  the  présent  Pacific  Océan,  in  parts  of  the  Indian 
Océan,  and  in  the  South  Atlantic.  Thèse  two  océan  basins  commu- 
nicated  freely  wâth  one  another  at  certain  times  ;  but  at  other  tiraes, 
chiefly  so  toward  the  end  of  the  mesozoic  period  (upper  Cretaceous), 
they  were  rather  sharply  separated  by  a  land-girdle,  which  I  hâve 
called  "Mesozonia."  This  land-girdle,  which  encircled  the  world, 
extended,  beginning  in  eastern  Asia,  over  Bering  Sea  and  western 
North  America;  thence  over  Central  America  to  northern  South 
America,  and  across  the  central  Atlantic  to  Africa  ;  and  finally  from 
Africa  by  way  of  ^Madagascar  to  India  and  eastern  Asia. 

The  Mediterranean  basin  at  this  time  communicated  openly 
over  'Europe  with  the  arctic  basin;  the  Pacific  basin  reached  the 
shores  of  the  antarctic  continent.  The  arctic  waters  were  entirely 
separated  from  the  southern  waters,  and  the  latter  had  no  connec- 
tion with  the  former,  although  the  Pacific  basin  approached  the 
North  Pôle  in  the  northern  Pacific  ;  yet  there  was  a  barrier  consist- 
ing  of  the  land  bridge  across  Bering  Sea. 

If  this  is  correct,  it  is  easily  understood  that,  with  the  beginning 
of  the  tertiary  time,  when  the  pôles  began  to  cool,  and  when  polar 
faunas  began  to  develop,  the  Arctic  seas  must  hâve  received  their 
chief  contingent  of  marine  life  from  the  Mediterranean  basin,  while 
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the  antarctic  fauna  must  hâve  been  derived  directly  from  the  Pacific. 
This  would  explain  the  gênerai  dissimilarity  of  the  two  polar  faunas, 
which,  consequently,  hâve  a  double  origin:  the  arctic  is  an  offshoot 
of  the  old,  mesozoic  Mediterranean  fauna,  and  the  antarctic  of  the  old 
Pacific  fauna. 

Subsequently  tertiary  and  récent  changes  in  the  distribution  of 
land  and  water  hâve  partly  obliterated  the  original  conditions.  The 
chief  features  in  thèse  changes  were  that  the  waters  of  the  North 
and  South  Atlantic  were  connected,  and  that  North  and  South 
America  became  united.  Thus  for  certain  forms  a  mio-ration  from 
the  north  to  the  south,  or  vice  versa,  was  made  possible,  partly  in  the 
deep  sea,  partly  in  deeper  waters  along  the  shores  of  the  newly  formed 
Pan-American  continent  (chiefly  on  the  west  side  *).  This  gave 
origin  first  to  cases  of  false  Bipolarity,  ont  of  which,  by  the  dying  out 
of  the  intermediate  forms  in  the  lower  latitudes,  cases  of  true  Bipo- 
larity may  hâve  formed. 

This  refers  to  the  old,  pre-tertiary  and  old  tertiary  éléments  in 
the  polar  faunas.  Yet  there  are  apparently  other  cases  of  Bipolarity 
(for  instance,  among  certain  pelagic  groups  :  INIedusœ,  Pteropods, 
and  Tunicates)  which  seem  to  be  rather  récent,  and  which  devel- 
oped  within  groups  living  in  the  tropical  seas  of  the  tertiary  time. 
For  thèse  the  explanation  is  admissil)le  that  from  a  tropical  ancestral 
form  similar  forms  were  derived,  which  advanced  both  to  the  north 
and  to  the  south,  and  that  finally  the  original  form  in  the  tropics 
disappeared,  while  its  descendants  survived  at  both  pôles,  thus  being 
more  closely  allied  to  each  other  than  to  any  intermediate  form. 
This  explanation,  which  has  been  lately  advanced  as  new  by  Kueken- 
thal  (1.  c.  p.  17,  after  ]Meisenheimer),  was  already  given  by  me  in 
one  of  my  earliest  publications  on  Bipolarity  ^  as  a  possible  theory 
for  the  existence  of  closely  related  forms  at  both  pôles.  It  can,  how- 
ever,  only  be  introduced  for  such  animais  which  are  rather  récent 
(tertiary),  and  originated  at  a  time  w4ien  the  séparation  of  the 
Pacific  and  Mediterranean  basins  had  ceased  to  exist,  and  when  the 
tropical  seas  were  in  open  communication  with  both  polar  seas. 

^  Kuekenthal  says,  that  there  is  no  sufficient  e\'idence  for  a  migration  in  the 
deeper  and  cooler  waters  along  the  west  coast  of  America;  however,  I  hâve 
named  a  number  of  instances,  see  Zool.  Jahrb.,  Syst.,  9,  pp.  584  and  585,  1896; 
Science,  June  18,  1897,  p.  958;  Science,  1898,  p.  5i6. 

2  Zool.  Jahrb.,  9,  p.  574,  1896. 
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LoOKiNG  over  the  récent  literature  in  zoôgeography,  as  far  as  it 
concerns  the  stutly  of  local  faunas,  we  see  that  it  consists  cliiefly  of 
the  ennnieration  of  the  organic  forms  found  within  a  certain  région. 
Frequently  a  mère  list  is  given,  often  with  a  number  of  detailed 
locality-rccords  ;  more  rarely  ecological  notes  are  connected  with 
the  list,  or  notes  indicating  in  a  gênerai  way  the  range  of  each  form 
within  the  investigated  area.  But  one  thing  generally  is  absent:  a 
complète  and  exhaustive  study  of  the  whole  région,  giving  for  each 
part  of  it  reliable  dates  not  only  as  to  the  présence,  but  also  as  to  the 
absence,  of  certain  forms  of  life. 

For  species  found  over  the  whole  région  which  is  made  the  sub- 
Ject  of  the  study,  the  simple  fact  that  they  exist  in  it  may  be  sufficient 
for  many  practical  purposes.  However,  this  is  différent,  when  a 
species  is  found  only  in  a  certain  part  of  it.  Hère  the  question  arises, 
what  is  the  cause  of  the  présence  or  absence,  and  this  is  directly  con- 
nected with  the  question  of  the  origin  of  the  distribution  of  the  dis- 
cussed  species. 

This  question  of  the  origin  of  the  distribution  of  a  species,  of  the 
centre  of  its  radiation,  and  of  its  subséquent  migration  and  dispersai 
is  the  essential  problem  in  zoôgeographical  research.  In  order  to 
.solve  it,  the  first  thing  to  be  found  ont  is  the  actual  distribution,  and 
this  is  characterized  by  the  boundaries  of  the  range.  The  latter 
should  be  ascertained  by  ail  means,  and  this  can  be  done  only  by 
local  studies  of  the  range  in  smaller  territories,  which  finally  are  to 
be  coml)ined  into  a  whole.  Then,  after  we  hâve  become  acquainted 
with  the  exact  boundaries  of  the  distribution  of  a  given  form,  and  if 
we  know  its  ecological  habits  and  gênerai  biology,  it  will  be  possible 
to  correlate  distribution  wàth  the  geographical,  physiographical,  geo- 
logical,  and  climatological  features  of  the  country,  and  gênerai  con- 
clusions may  be  drawn. 

With  the  exception  of  a  few  groups  (I  think  of  mammals  and 
birds),  we  must  confess  that  the  necessary  data  are  lacking,  and 
that  there  is  hardly  any  animal  form  of  the  continental  life  districts 
(not  to  speak  of  the  marine)  in  which  the  actual  distribution  and 
its  boundaries  hâve  been  investigated  satisfactorily.  This  is  chiefly 
due  to  the  difïiculty  and  tediousness  of  the  work  required,  for  it  goes 
without  saying  that  this  kind  of  work  should  hâve  the  character  of 
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a  survey,  in  which  the  whole  country  should  be  gone  over  step  by 
step. 

However,  the  work  is  not  quite  so  complex  as  might  appear. 
Often  it  is  not  necessary  to  investigate  eacli  part  of  the  country 
nniformly.  When  the  ecological  habits  of  a  species  hâve  been 
ascei'tained,  we  may  generally  assume  that,  within  the  hmits  of  its 
range,  it  will  be  found  at  any  place  where  the  congenial  conditions 
are  developed.  Thus  the  chief  interest  is  directed  to  the  discovcry 
of  thèse  hmits,  and  the  survey  work  will  become  mainly  an  accurate 
tracing  of  the  boundaries  of  the  distribution. 

I  hâve  recently  donc  this  kind  of  work  within  the  boundaries  of 
the  State  of  Pennsylvania,  and  shall  continue  it.  The  first  group 
I  hâve  studied.are  the  freshwater  crawfishes  (genus  Cambarus), 
and  the  results  hâve  been  published  shortly  ago.^  I  cannot  go  into 
détail  hère  and  describe  the  method  of  my  survey  work,  but  I  shall 
give  in  a  gênerai  way  an  indication  of  how  it  was  donc. 

In  the  begiiming  I  did  not  possess  any  information  l)eyond  the 
fact  that  certain  species  of  crawfishes  are  found  exclusively  in  the 
eastern  or  in  the  western  section  of  the  State.  Thus  I  first  started 
out  at  random,  with  the  sole  object  to  locate  the  boundary  of  each 
species  at  least  at  one  point.  Having  succeeded  in  this,  physical 
features  of  the  State  became  évident,  w^hich  might  be  the  causes 
of  the  limitations  of  the  ranges;  and  after  that  it  naturally  was  my 
chief  purpose  to  verify  this  by  working  along  the  lines  of  physio- 
graphical  difïerentiation.  The  physical  featiu'cs  of  the  country 
constituting  boundaries  of  crawfish  distribution  were  generally  very 
évident,  and  the  subséquent  work  was  rather  easy,  in  so  far  as  it 
did  not  involve  much  exertion,  aside  from  the  physical  exertion  of 
travelling  and  collecting,  in  order  to  obtain  the  material  to  substanti- 
ate  my  conclusions. 

After  the  boundaries  of  the  distril)ution  had  been  ascertained, 
the  area  covered  by  each  species  was  supposed  to  be  known,  that  is 
to  say,  it  was  assumed  that  it  was  présent  within  the  ascertained 
limits,  wherever  the  ecological  conditions  were  favoral)le.  How- 
ever, this  was  not  simply  taken  for  granted,  but  the  fact  of  the  prés- 
ence or  absence  of  a  species  was  verified  by  repeated  excursions  ;  but 
the  number  of  the  latter  was  only  large  enough  to  render  this  fact 
reasonably  certain,  and  did  not  amount  to  survey  work  in  the  strict 
sensé  of  the  word. 

I  think  thèse  remarks  are  sufficient  to  show  what  I  mean  by 
survey  work  in  zoogeographical  research.  This  kind  of  work  is  as 
important  as  topographical  or  geological  surveying,  although  it  does 
not  need  to  be  carried  out  to  the  same  extent,  so  that  the  whole 
country  is  to  be  gone  over  carefully  and  nniformly.     It  is  in  the 

'  The  Craw^shes  of  the  State  of  Pennsylvania,  in  Mern.  Carnegie  Mus.,  2 
No.   10.     190G. 
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nature  of  zoôgeographical  investigation  that,  at'ter  the  preliminary 
work  of  recoiMioissance  lias  been  clone,  it  reveals  eertain  parts  of  the 
région  to  be  investigated,  wliich  are  more  interesting  and  more  im- 
portant than  others;  and  upon  the  former  more  care  is  to  l)e  spent. 
A  thorough  knowledge  of  the  physical  geography  and  geology  of  the 
eountry,  and  also  of  the  gênerai  biology  and  eeology  of  tlie  group 
of  animais  to  be  studied,  is  essential,  and  from  the  published  aecount 
of  my  work  it  will  be  seen  that  without  the  latter  many  interesting 
conclusions  would  not  hâve  been  reached. 


THE   UNITED   STATES   FISHERIES   STEAMER 
"ALBATROSS"  AND  HER  WORK 

GEORGE  M.   BOWERS 

The  steamer  "Albatross"  was  the  first  vessel  designed  and  built 
for  the  spécifie  purpose  of  deep-sea  investigations,  and  with  the  ex- 
ception of  the  "Princess  Alice"  is  the  only  steamer  at  présent  main- 
tained  solely  for  that  purpose.  She  is  the  product  of  the  broad 
conception  of  fisheries  problems  entertained  by  Prof.  S.  F.  Baird,  the 
father  of  the  United  States  Fish  Commission,  now  the  Bureau  of 
Fisheries,  and  of  the  practical  expérience  of  the  late  Commander  Z.  L. 
Tanner,  U.  S.  N.,  who  prepared  her  rough  plans,  superintended  lier 
construction,  and  served  as  her  commanding  ofïicer  during  the  first 
twelve  years  of  her  service.  The  "Albatross"  is  a  twin-screw  iron 
steamer,  with  a  length  over  ail  of  234  feet,  a  load  water  line  of  200 
feet  on  12  feet  draft,  27  feet  6  inches  beam,  and  a  displacement  of 
1,074  tons.  She  is  rigged  as  a  brigantine,  with  a  sail  area  of  about 
7,500  square  feet,  and  is  powered  with  two  compound  inclined  engines 
capable  of  producing  a  speed  of  10  or  11  knots  per  hour.  She  carries 
a  full  complément  of  about  85  men,  including  the  scientific  stafï, 
and  her  equipment  is  elaborate.  She  is  provided  with  sounding 
and  dredging  engines  of  approved  pattern,  permitting  investigations 
of  the  most  profound  oceanic  depths,  and  her  apparatus  is  designed 
to  meet  ail  demands  of  hydrography  and  thalassography.  In  addition 
to  the  dredges,  trawls,  and  other  instruments  used  in  abyssal  collect- 
ing  and  the  varions  appliances  employed  in  pelagic  work  at  and 
below  the  surface,  she  is  provided  with  a  full  complément  of  the  lines, 
nets,  and  traps  commonly  employed  in  the  commercial  fisheries,  and 
her  hydrographie  equipment  includes  ail  of  the  thermometers,  hy- 
drometers,  water  cups,  bottom  tubes,  and  other  instruments  neces- 
sary  for  the  investigation  of  the  physical  and  chemical  properties  of 
the  deep  waters  and  the  floor  of  the  sea. 

A  well-lighted  laboratory,  provided  with  a  library,  running  water, 
aquaria,  tables,  lockers,  and  instruments,  is  situated  on  the  main 
deck,  communicating  with  a  second  laboratory  and  storerooms  on 
the  deck  below,  and  ample  quarters  are  provided  for  a  scientific  stafF 
of  five  or  six  persons  in  addition  to  the  naval  officers  and  crew. 

The  "Albatross"  went  into  commission  on  November  11,  1882, 
and  during  the  quarter  of  a  century  which  lias  since  elapsed  she  has 
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been  more  or  less  continuously  engaged  in  deep-sea  and  fisheries  in- 
vestigations with  the  exception  of  1898,  when  she  was  detailed  to  the 
Navy  Department,  and  parts  of  several  years  when  she  was  engaged 
in  spécial  service  in  connection  with  the  Bering  Sea  patrol.  During 
the  first  five  years  the  vessel  was  on  the  Atlantic  coast  carrying  on 
fishery,  biological,  and  hydrographie  investigations  in  the  coastal 
waters  between  Newfoundland  and  the  Caribbean  Sea,  and  offshore 
to  a  maximum  depth  of  about  3,000  fathoms,  her  work  resulting  in 
extensive  additions  to  our  knowledge  of  the  deep  waters  of  the  western 
North  Adantic. 

In  November,  1887,  she  started  onacruise  around  South  America, 
through  the  Straits  of  Magellan,  arriving  at  San  Francisco  in  the  fol- 
lowing  spring.  En  route  coastal  and  deep-sea  researches  were  con- 
ducted  at  nu  mérous  stations  throughout  the  cruise.  Since  1887  the 
work  of  the  vessel  has  been  carried  on  in  the  Pacific  Océan  and  its 
contiguous  waters  exclusively,  during  most  of  the  time  oft'  the  coasts 
of  the  United  States  and  Alaska,  but  including  a  number  of  extended 
cruises  to  more  distant  seas. 

In  the  winter  of  1891,  under  the  direction  of  INIr.  Alexander 
Agassiz,  extensive  deep-sea  explorations  were  conducted  off  the  west 
coast  of  ]Mexico  and  Central  America  and  in  the  vicinity  of  the  Gala- 
pagos Islands,  resulting  in  an  extensive  séries  of  publications  in  the 
Memoirs  and  Bulletins  of  the  Muséum  of  Comparative  Zoology. 

In  the  winter  and  spring  of  1891-1892  the  "Albatross"  was  de- 
tailed to  make  a  survey  of  a  route  for  the  oceanic  telegraph  cable 
between  the  United  States  and  the  Hawaiian  Islands,  and  from  that 
time  until  1898  she  was  mainly  employed  in  fur-seal  and  fisheries  in- 
vestigations in  Alaska,  in  1896  extending  her  work  in  this  connection 
as  far  as  the  Okhotsk  Sea  and  the  coast  of  Japan,  returning  to  the 
United  States  via  the  Hawaiian  Islands. 

Mr.  Ao-assiz  ag-ain  took  direction  of  her  work  in  the  summer  of 
1899  during  an  extensive  cruise  in  the  Tropical  Pacific  to  Japan,  m 
the  course  of  which  many  islands  in  the  IMarquesas,  Paumotus, 
Society,  Tonga,  Fiji,  Ellice,  Gilbert,  Marshall,  Caroline,  and  Ladrone 
archipelagoes  were  examined  with  spécial  référence  to  the  problems 
of  coral  formation.  The  results  of  thèse  investigations  are  now  in 
course  of  publication  in  the  Memoirs  of  the  INIuseum  of  Comparative 
Zoology  in  Cambridge. 

At  the  end  of  this  cruise,  in  the  spring  and  early  summer  of  1900 
rich  collections  were  made  off  the  eastern  coast  of  Japan  and  Kam- 
chatka,  principally  in  the  vicinity  of  the  100-fathom  curve,  but  in  a 
few  stations  in  depths  between  500  and  800  fathoms.  Reports  upon 
part  of  thèse  collections  hâve  appeared  in  the  publications  of  the 
Bureau  of  Fisheries  and  the  National  INIuseum,  and  others  are  in  course 
of  préparation  by  the  specialists  to  whom  they  hâve  been  assigned. 

In  1902  the  "Albatross"  again  visited  the  Hawaiian  Islands,  in 
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connection  with  a  study  of  their  fishery  resources.  The  collection  of 
fishes  resulting  from  this  cruise  and  the  cooperating  shore  parties  is 
the  largest  ever  made  in  the  Pacific,  embracing  many  new  and  little 
known  species  in  addition  to  ail  that  are  used  as  food.  It  has  been 
made  the  basis  of  a  complète  description  of  ail  shore  fishes  known 
from  the  Hawaiian  Islands  and  the  Leeward  Group.  A  report  on  the 
deep-sea  fishes  has  been  prepared,  and  the  collections  of  invertebrates, 
which  in  some  cases  are  more  extensive  than  those  of  the  fishes,  are 
in  the  hands  of  specialists  for  report.  The  results  of  this  cruise  are 
being  published  mainly  in  the  Bulletin  of  the  Bureau  of  Fisheries 
and  in  the  publications  of  the  National  Muséum. 

In  the  spring  and  early  summer  of  1904  a  biological  survey  of  the 
waters  oflF  the  coast  of  southern  California  was  undertaken  in  co- 
opération with  the  University  of  California  and  Leland  Stanford 
University.  The  work  began  in  the  vicinity  of  San  Diego,  where  139 
collecting  stations  were  occupied,  and  after  an  interval  was  continued 
in  Monterey  Bay,  where  collections  were  made  at  128  stations.  Most 
of  the  work  was  in  the  vicinity  of  the  100-fathom  curve,  but  the 
survey  was  carried  out  to  2,259  fathoms  near  San  Diego  and  1,062 
fathoras  in  Monterey  Bay. 

The  Eastern  Pacific  between  Panama,  Peru,  Easter  Island,  and 
the  Gambier  Islands  was  explored  in  the  winter  of  1904-1905  under 
the  direction  of  Mr.  Alexander  Agassiz.  In  this  vast  area,  remote 
from  continental  land  and  uninterrupted  by  islands,  there  were  made 
203  hauls  with  plankton  nets  and  43  with  beam  trawls,  and  the  sound- 
ings  number  111.  Most  of  the  work  was  in  depths  greater  than  1,000 
and  much  of  it  between  2,000  and  3,000  fathoms,  and  the  expédition 
resulted  in  the  collection  of  valuable  material  for  studies  of  oceanic 
deposits  and  the  pelagic  and  abyssal  faunas.  The  next  extended 
cruise  began  May  3,  1906,  and  lasted  until  December  10,  1906,  cross- 
ing  the  Pacific  by  way  of  the  Aleutian  Islands,  Kamchatka,  and  the 
Kuriles  and  returning  via  Hawaii.  Rich  collections  were  made  on 
the  outward  passage,  in  the  Okhotsk  and  Japan  Seas  and  off  the 
coasts  of  Siberia,  Korea,  and  Japan.  Three  hundred  and  eighty-five 
stations  were  occupied,  and  the  extensive  collections  are  now  in  the 
hands  of  specialists,  and  reports  are  in  course  of  publication  by  the 
Bureau  of  Fisheries  and  National  Muséum. 

The  "Albatross"  on  October  17,  1907,  sailed  on  a  cruise  of 
investigation  in  the  Philippine  Islands,  which  will  probably  occupy 
about  two  years.  When  this  is  completed  her  researches  will  hâve 
extended  over  the  entire  western  shore  of  the  Atlantic  south  of  New- 
foundland,  the  eastern  shore  of  the  Pacific  south  of  about  latitude  60° 
north,  the  western  shores  of  Asia  and  the  islands  stretching  from 
Kamchatka  to  the  equator,  and  most  of  the  Pacific  Océan  and  its 
nuraerous  islands  lying  between  the  Tropic  of  Capricorn  and  Bering 
Sea. 
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The  results  of  her  hydrographie  work  and  surveys  hâve  their 
place  on  the  charts  of  the  maritime  nations,  and  her  biological  and 
fisheries  researclies  hâve  furnished  the  basis  for  about  five  hundred 
reports,  papers,  and  addresses,  pubHshed  and  in  préparation,  many 
of  them  in  themselves  large  volumes,  prepared  by  spccialists  of  many 
nationalities.  Thèse  pul)lications  are  much  scattered,  and  therefore 
not  so  impressive  as  those  representing  tlie  less  extensive  work  of 
other  vessels,  but  if  brought  together  they  would  constitute  an  im- 
posing  library  of  oceanie  zoôlogy  and  hydrography. 

With  but  a  small  part  of  the  vast  collections  of  the  major  expédi- 
tions of  the  past  ten  years  yetreported  upon,  and  with  a  considérable 
part  of  ail  of  her  collections  not  yet  in  the  hands  of  spccialists,  or 
studied  but  in  part,  the  number  of  new  species  described  from  the 
work  of  the  "  Albatross"  is  about  2,500,  with  correspondingly  great 
numbers  of  new  gênera  and  higher  groups.  It  is  probable  that  the 
collections  of  the  ship  contain  not  far  from  4,000  to  ô,000  species  un- 
known  to  science  at  the  time  they  were  collected,  and  in  addition  she 
has  obtained  large  séries  of  species  previously  known  from  single  or 
but  few  and  imperfect  spécimens. 

In  making  thèse  collections  dredges,  beam  trawls,  and  other 
forms  of  apparatus  for  bottom  collecting  hâve  been  employed  at 
upwards  of  2,500  stations,  in  addition  to  thousands  of  hauls  with 
various  forms  of  surface  and  intermediate  tow-nets,  dip-nets,  etc.,  and 
comprehensive  shore  collecting.  The  depths  at  which  apparatus  has 
been  used  range  from  the  shore  line  to  4,173  fathoms,  the  deepest 
trawl  haul  of  which  there  is  any  record.  The  hydrographie  work  has 
been  carried  on  in  ail  depths  up  to  4,813  fathoms,  a  large  proportion 
of  them  being  in  excess  of  2,000  fathoms,  and  embraces  surveys  of 
harbors,  passages,  banks,  and  the  deep  sea. 

While  the  primary  purpose  of  the  vessel  is  the  investigation  of 
fishery  problems,  to  which  she  has  devoted  a  large  part  of  her  time, 
this  brief  sketch  of  her  career  will  show  that  she  has  been  able  to  ren- 
der  important  service  to  pure  science,  particularly  to  zoology  and 
thalassography,  and  that  to  American  men  of  science  at  least  she  has 
oflfered  facilities  for  investigations  to  further  which  there  were  no 
other  means.  Her  work  has  been  important  and  comprehensive,  but 
has  not  obtained  the  récognition  to  which  it  is  entitled,  owing  to  the 
lack  of  provision  for  presenting  the  results  in  such  collected  form  as 
would  exhibit  them  in  their  due  proportions. 


THE   NEW   BERMUDA   BIOLOGICAL   STATION 
FOR    RESEARCH' 

E.  L.  ]VL\RK 

Tue  withdrawal  of  a  large  part  of  the  military  and  naval  forces 
from  Bermuda  by  the  British  (iovernment  abolit  two  years  ago  so 
crippled  the  Colony,  by  reducing  its  sources  of  revenue,  that  it  was 
compelled  to  suspend  its  project  of  a  Biological  Station.  Although 
plans  had  been  drawn  for  a  building  to  accommodate  both  a  Public 
Acjuarium  and  a  Research  Station,  and  although  land  had  been  pur- 
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View  of  the  Central  Portion  of  Agar's  Islaxd 


From  an  cleraflon  cast  of  Ihe  Island,  shmving  Ihe  Bermuda  Biological  Station 
and  the  Aquarium 

chased  at  the  village  called  "The  Flatts"  on  which  to  erect  such  a 
sti-ucture,  the  change  in  the  policy  of  the  home  government  blocked 
the  undertaking,  which  had  l)een  aided  by  Professor  Bristol  and 
myself,  and   the  project  had   to  be  given  up. 

But  the  réduction  of  the  military  forces  in  the  Bermudas  and 
changes  in  modem  warfare  hâve  niade  superfluous  some  of  the  es- 
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tablishments  in  those  islands  possessed  by  the  home  government. 
It  is  by  a  happy  turn  of  the  wheel  of  fortune,  which  at  first  seemed 
fatal  to  the  biological  aspirations  of  Bermuda,  that  it  is  now  possible 
to  announce  a  brighter  outlook  than  ever  before  for  the  building  up 
of  a  laboratory  of  research  in  biology. 

The  Bermuda  Natural  History  Society  lias  recently  secured  con- 
trol,  at  a  nominal  cost,  of  one  of  the  islands  in  Hamilton  Harbor 
(formerly  used  by  the  Government  for  the  storage  of  munitions  of  war), 
Agar's  Island,  together  with  ail  its  docks,  landings,  résidences,  work- 
shops,  storehouses,  kitchens,  etc.,  —  in  ail  about  a  dozen  buildings 
besides  the  great  powder  magazine. 


Cottages 
Looinng  Norfh 


Pholo.  E.  IL  Barbuur 


The  powder  magazine  is  a  massive  structure  of  masonry  built  in 
the  hill-side;  it  is  one  hundred  and  fifty  feet  long  by  more  than  a 
hundred  feet  broad,  and  consists  of  ten  deep  alcôves  with  heavy 
arched  ceilings,  opening  into  a  central  passageway;  the  whole  is 
roofed  over  with  earth  and  surrounded  by  a  broad  deep  moat  open  to 
the  sky.  This  structure  lias  been  converted  into  a  Public  Aquarium; 
the  moat,  dividefl  into  compartments  liy  cross  partitions,  furnishes  the 
requisite  tanks;  large  window  holes  eut  through  the  walls  6f  the 
alcôves  at  their  outer  ends  and  glazed  with  heavy  plate  glass  com- 
plète, at  comparatively  small  expense,  ample  aquaria  of  the  grotto 
type.  The  alcôves  on  one  side  are  already  finished  and  stocked  with 
attractive  animais.  In  this  way  from  twenty  to  thirty  such  aquaria 
are  to  be  provided. 
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It  is  safe  to  sav  tliat  with  the  means  so  near  at  hand  for  keepiiig 
thèse  a(|uaria  freslily  stocked  with  sliowy  fishes  and  the  other  hriUiaiit 
animal  antl  phmt  fornis  of  the  sea,  there  are  few  if  any  pUioes  more 
favorably  situated  for  maintaining  an  attractive  Public  Aquarium. 

Agar's  Island  is  on  the  direct  line  of  theferry-hoats  running  between 
Hamilton  and  Ireland  Island  ;  it  is  distant  from  Hamilton  only  about  a 
mile  and  a  half,  antl  from  the  roadway  on  the  mainland  less  than  four 
hundred  feet.  'J'he  Aquarium  will  therefore  be  easily  accessiljle  to 
tourists  and  the  public  generally.  The  income  to  be  derived  from 
admission  fées  should  aid  largcly  in  supporting  the  whole  under- 
takinçr. 


'l'iii:   I>Ai;()U.vTORY 
Luoking  Xorth-east 


Photo.  F.  W.  Carpenter 


It  is,  however,  the  opportunities  for  research  that  are  of  more  par- 
ticular  interest  to  us  as  biologists.  I  hâve  already  published  else- 
where  ^  an  account  of  the  attractions  of  Bermuda  as  a  healthful  and 
agreeable  place  for  marine  work,  and  of  the  wonderful  richness  and 
abundance  of  its  fauna.  I  may  therefore  limit  myself  now  to  a  brief 
statement  of  the  présent  conditions  and  prospects  of  the  new  Station. 
I  hâve  just  explained  the  peculiarly  fortunate  construction  of  the 
powder  magazine  and  how  it  is  being  converted  into  a  Pidilic  Aqua- 
rium. The  management  of  the  Aquarium  is  to  remain  in  the  hands 
of  the  Bermuda  Natural  History  Society,  but  ail  the  income  derived 
from  it  above  the  expenses  of  its  up-keep  is  to  be  turned  over  to  the 
Research  Station  to  aid  in  its  development. 

*  Proc.  Amer.  Assoc.  Adv.  Sd.,  Vol.  LIV,  pp.  471-501,  16  pi.  1905. 
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It  is  the  plan  of  the  Natural  History  Society  to  lease  to  the  %- 
search  Station  for  a  nominal  sum  the  whole  plant  of  Agar's  Island,  — 
except  the  Aquarium,  the  Pumping  Station,  and  the  quarters  of  the 
care-takers  of  the  property,  —  for  the  purposes  of  biological  investiga- 
tions, to  furnish  running'^sea  water  free  of  expense,  and  to  aid  in  ail 
other  wavs  possible  the  development  of  the  Station.  The  island 
contains  three  acres  of  land.  There  are  three  cottages,  with  quarters 
plainly  furnished  for  a  dozen  or  more  students.  Fourteen  persons 
were  at  work  there  during  the  présent  summer.  Besides  several  other 
buildings  there  is  one  which  is  well  adapted  to  the  needs  of  a  laboratory. 


PItolo.X  .E.Lusher 


Interior  of  Laboratory 
Looking  South 

It  is  seventy  feet  long  by  twenty  feet  broad.  This  is  to  be  piped  for 
running  sea  water,  and  for  fresh  water,  which  is  stored  in  immense 
subterranean  cisterns.  A  valuable  bronze  pumping  apparatus  lias 
been  secured,  which  lias  a  capacity  of  2,()()0  gallons  per  hour  and  will 
punip  sea  water  for  botli  laboratory  and  aquaria.  The  laboratory  is 
already  equipped  with  work-tables  of  convenient  pattern,  with  shelving 
and  cupboards  for  chemicals,  books,  et  cetera,  and  affords  libéral  work 
room  for  fifteen  or  twenty  students.  The  building  lias  a  véranda 
on  one  side  and  one  end;  standing  as  it  does  in  the  niiddle  of  the 
island  on  a  plateau  about  tliirty  feet  above  the  sea,  it  catches  the  sea 
breezes  and  afïords  a  delightful  place  for  work. 
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It  is  ])l;iniuHl  to  hâve  the  Uesearcli  Station  open  tlic  ycar  round  to 
investigators  at  a  nioderate  expense,  and  during  the  su  miner  nionths 
to  hâve  its  faciUtie.s  iitiHzed,  u])  to  the  Hniits  of  its  c-aj)aeity,  for  re- 
searches  in  both  l)otany  and  zoology.  Xo  formai  instruction  is  eon- 
tempUited,  but  it  is  expected  that  the  présent  aceoninio(hitions  will  l)e 
increased,  in  cas*'  there  is  deniand  for  more  room,  to  keep  paee  with 


Photo.  H.  S.  Davi; 

\'iEw  OF  Central  I'ohitox  of  Acaks  Islax» 
Looixing  X oiili-ircst 

the  needs  of  ail  who  désire  to  carry  on  investigations  for  a  shorter 
or  longer  period.  The  coopération  of  ail  who  are  willing  and  able 
to  aid  in  the  support  of  the  Station  will  be  sought,  and  it  is  l)elieved 
that  the  undertaking  will  be  a  usefid  addition  to  the  means  now 
available  for  the  pursuit  of  marine  biology. 

Ten  numbers  of  the  Contrilnitions  from  the  Station  hâve  already 
been  published. 

Cambridge,  Augf'st,  1907. 


Note.    The  photographs  by  Drs.  Carpenter  and  Davi.s  were  made  in   the 
summer  of  1909. 


DIE     MARINE     BIOLOGISCHE    STATION    AN     DER 
MURMAN-KUSTE    (BARENTS-SEE,    KOLA-FJORD) 

S.  AWERINZEW 

In  dem  vorliegenden  Bericht  will  ich  mich  bemûhen  eine  Be- 
schreibimg  der  marinen  biologischen  Station  zii  geben,  welche  der 
Kaiserl.  Naturforschergesellschaft  in  St.  Petersburg  gehôrt;  dièse 
Station  ist  in  der  Stadt  Alexandrovsk  am  Ufer  des  Barents-See 
(Murman-Kùste)  gelegen,  welche  ihrerseits  bekanntlich  einen  Theil 
des  europaischen  Eismeeres  ausmacht. 

Es  will  mir  scheinen,  dass  sowohl  die  Lage  unserer  Station  im 
âussersten  Norden  des  europaischen  Festlandes  (69°  12'  nôrdl.  Br.  n. 
33°  27'  ôstl.  L.  von  Greenwich),  als  aiich  die  eigenartigen,  reclit 
characteristischen  Zûge  der  Thierwelt  in  den  die  Station  ilmgebenden 
Meeresbezirken  geniigendes  Interesse  versprechen,  um  Ihre  Auf- 
merksamkeit  kurze  Zeit  in  Anspruch  nehmen  zn  dûrfen,  indem  ich 
Ihnen  sowohl  die  Station  selbst,  wie  auch  die  Beschaffenheit  des  sie 
umgebenden  JNIeeres  und  seiner  Fanna  schildere. 

Die  biologische  Murman-Station  liegt  am  Ufer  des  Katharinen- 
Hafens,  einer  Bucht  des  tief  in  das  Festland  eindringenden  Kola- 
Fjords,  eines  der  wenigen  Fjorde  der  Barents-See.  Die  gesamme 
Meereskûste  in  der  Umgebung  der  biologischen  Station  besteht  auf 
viele  Meilen  hin  ans  Granit-Gneissen,  welche  sich  bald  in  Gestalt 
steiler  abschûssiger  Felswânde,  bald  in  Gestalt  zeimlich  flacher 
durch  die  Wirkung  des  Fiscs  geglâtteter  Felsen  zum  INIeere  herab- 
senken;  die  felsige  Landschaft  gewinnt  fast  ûberall  durch  niedere, 
fast  gânzlich  unbewachsene,  rundliche,  rôthlich-graue  Hûgel  einige 
Abwechslung,  welche  aus  dem  gleichen  Granit  bestehen,  eine  Hôhe 
von  400-500'  iiber  der  Meeresoberfliiche  erreichen  und  der  ganzen 
Umgebung  einen  zwar  rauhen,  aber  eigenartig  schônen  Character 
verleihen. 

Der  ûber  30  Seemeilen  lange  und  an  den  breitesten  Stellen  kaum 
3-4  Meilen  erreichende  Kola-Fjord  (dessen  grôsste  Tiefe  etwa 
350  m.  betragt)  reprâsentiert  nichts  anderes,  als  das  alte,  prae-glaciale 
vom  INIeer  ûl)erschwemmte  Bett  des  Elusses  Tuloma,  welcher  sich 
gegenwârtig  in  den  innersten  Theil  des  Fjords  ergiesst;  dabei  ist  zu 
bemerken,  dass  in  der  jetzigen  Zeit  infolge  der  Erhebung  des  Fest- 
landes die  umgekehrte  Erscheinung  vor  sich  geht,  so  dass  wir  nun 
mehr  an  verscliiedenen  Stellen  des  Fjords  die  alte,  circa  85  m.  ûber 
dem  heutigen  iMeeresuiveau  liegende  Uferlinie  erblicken  kônnen. 
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Wie  (lies  iii  dcii  Fjonlcn  ûberhaupt  der  Fall  ist,  so  finden  wir 
auch  in  deni  Kola-Fjord  iind  seinen  zahlreichen  Buchten  besondere, 
ziemlich  eigenartige  Unterschiede  in  der  Temperatur,  sowie  in  dem 
Salzgehalt  der  verschiedenen  Schichten  des  Wassers,  welche  sicli 
hauptsiiehliel)  dureh  den  l)etrJiehtlichen  Zufkiss  von  Sûsswasscr 
(nanientlieh  wahrend  der  Frulilings-Schneeschnielze),  ferner  durcli 
die  besonderen  Beding-ungen  erkUlren  lassen,  wie  sie  bei  dem  Er- 
wiirmen  im  Sommer  und  der  Abkûhlung  im  Winter  einer  verhillt- 
nismiissig  klt>inen  und  dabei  vom  Océan  ziemlich  abgesonderten 
Wassermasse  vorliegen. 

Eine  fiir  die  Fjorde  ebenfalls  characteristische  Eigenthiunlich- 
keit  des  Kola-Fjords  und  seiner  Buchten  besteht  auch  darin,  dass 
dieselben  einen  oder  mehrere  rosenkranzfôrmig  auf  einander  fol- 
gende,  durch  unterseeische  Barrièren .  verschiedener  Hôhe  von  ein- 
ander getrennte  Kessel  darstellen.  Der  Kola-Fjord  selbst  ist  von 
dem  offenen  Océan  durch  einen  zeimlich  seichten  Bezirk  getrennt: 
von  Interesse  ist  es,  dass  im  Océan,  in  der  Niihe  der  Einmûndungs- 
stelle  dièses  Fjords,  iiberhaupt  geringere  Tiefen  angetrofîen  werden, 
als  sie  in  dem  tiefsten  mittleren  Theil  des  Fjords  beobachtet  werden 
(350-360  m.). 

Was  nun  die  Temperatur  des  Wassers  im  Kola-Fjord  und 
in  einer  seiner  Buchten  —  dem  Katharinen-Hafen  —  betrifft,  so 
schwankt  dieselbe  in  den  Oberflàchenschichten,  in  x\bhangigkeit  von 
der  Jahreszeit,  zwischen  —0.17  und  selbst  — 0.40°C.  einerseits,  und 
+  10-12°  C.  andererseits,  wahrend  in  den  Teifenschichten  die  x\mpli- 
tude  der  Temperaturschwankungen  eine  viel  geringere  ist;  dabei  ist 
dièse  Amplitude  in  kleinen  aber  tiefen,  durch  besonders  hohe  Bar- 
rièren von  dem  ubrigen  Meere  abgetrennten  Kesseln,  ausserst  gering 
und  ûbersteigt  in  gewissen  Fallen  nicht  einmal  einen  Grad  (die 
Temperatur  der  Grundschicht  des  Wassers  im  Katharinen-Hafen 
schwankt  zwischen  0°  u.  +  1°  C.).  Dort  hingegen,  wo  die  Barrièren 
niedriger  sind  und  die  Circulation  der  Wassermassen  weniger  be- 
hindert  ist,  erweist  sich  die  Amplitude  der  Temperaturschwankungen 
in  der  Grundschicht  als  etwas  betrachtlicher  und  erreicht  5°-6°  C. 
(die  Temperatur  dieser  Schicht  schwankt  im  Kola-Fjord  annàhernd 
zwischen  0°  und  5.6  oder  5.8°  C). 

Was  die  Schwankungen  im  Salzg-ehalt  der  verschiedenen  Schichten 
des  Fjords  und  seiner  Buchten  betrifft,  so  lasst  sich  hierûber  fast  das 
Gleiche  aussagen,  wie  beziiglich  der  Temperaturschwankungen.  In 
den  Oberflàchenschichten  des  Katharinen-Hafens  schwankt  der 
Salzgehalt  zwischen  7.63%o  und  34.38%o,  in  der  Grundschicht  hin- 
gegen nur  zwischen  34.42%o  und  34.63%o. 

Dièses  sind  in  Kurzem  die  ziemlich  eigenartigen  biophysikalischen 
Bedingungen,  wie  sie'  in  den  an  die  Station  grenzenden  ]\Ieeresbe- 
zirken  beobachtet  werden.  Fûgt  man  noch  das  zeimlich  Kalte, 
nur  in  geringem  ]\Iaasse  durch  den  Einfluss  des  Golfstroms  gemilderte 
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Klinia  (die  mittlere  Temperatur  der  Stadt  Alexandrovsk  betragt 
wenig  ûber  0°  C),  den  eigenartigen,  zwei  ]\Ionate  andauernden  Tag 
(etwa  vom  20  Mai  bis  ziini  IS  Juli),  und  die  fast  noch  eigenartigere 
Polarnaeht  mit  ihren  Xordlichtern  (annàhernd  vom  27  November  bis 
ziim  17  Januar)  liinzu,  so  wird  man  sich  ans  der  Gesamtheit  dieser 
An()-al)en  diejenigen  Bedinguiigen  mehr  oder  weniger  deutlich  vor- 
stellen  kônnen,  unter  welcher  das  Leben  und  Arbeiten  der  biolo- 
gischen    ■Vlnrman-Station  besuchenden  Forscher  verlauft. 

Die  biologisclie  Station  war  im  Jahre  1899  infolge  verschiedener 
Umstânde  von  den  im  Weissen  Meere  gelegenen  Solowetzki-Inseln 
nach  der  Stadt  Alexandrovsk  (Gouv.  Archangelsk)  verlegt  worden, 
Angesichts  verschiedener  Schwierigkeiten  wurde  der  Bau  und  die 
définitive  Einrichtung  der  Station  einigermaassen  verrôgert,  so  dass 
erst  im  Jahre  1904  deren  Zustandsetzung  beendet  wurde  und  der 
Beginn  der  regelmâssigen,  durch  keinerlei  Stôrungen  unterbrochenen 
Arbeit  erfolgte. 

Gegenwtirtig  besteht  die  Station  aus  mehreren  Gebâuden  ;  dieser 
sind  :  (1)  das  grosse  zweistockige  Hauptgebiiude,  in  welchem  sich 
folgende  Riiumlichkeiten  befinden:  zwei  grosse  Laboratorien  mit 
zehn  Arbeitsplàtzen,  die  Bibliothek,  das  Muséum,  das  Reagentien- 
zimmer,  ein  Zimmer  zum  Sortieren  der  Sammlungen,  der  Aquarien- 
raum,  das  photographische  Zimmer  und  mehrere  Wohnraume  fiir 
die  auf  der  Station  Arbeitenden;  (2)  ein  zweistôckiges  hôlzernes 
Wohnhaus  fiir  das  Personal  der  Station;  (3)  ein  grosser  Schuppen,  in 
welchem  die  Fanggeràthe  u.  dergl.  m.,  Bote  und  im  Winter  auch  das 
Segelfalu'zeug  der  Station  aufbewahrt  werden  ;  (4)  das  Maschinenhaus, 
in  welchem  sich  ein  Bottger'scher  Motor  nebst  einer  Pumpe  befindet, 
welches  Seewasser  aus  einer  Tiefe  von  15  m.  entnimmt  (wo  das 
Wasser  schon  keinen  starken  Schwankungen  im  Salzgehalt  unter- 
worfen  ist,  wie  wir  sie  in  den  obersten  Schichten  des  Katharinen- 
Hafens  beol)achten  konnen;  der  Salzgehalt  des  Wassers  in  den 
Stationsaquarien  schwankt  anniihernd  zwischen  33.30  und  34.29%o)  ; 
endlich  (5)  ein  hoher  Wasserthurm,  auf  dessen  oberster  Plattform 
die  Behiilter  fur  die  See-  und  Siisswasser-leitungen  untergebracht 
sind. 

Fiir  den  Fang  von  Tliieren  stehen  der  Station  ein  zweimastiges 
halbgedeckt(>s,  fiachgehendes  mit  eisernem  verstellbaren  Kiel  ver- 
sehenes  Segelfahrzeug,  die  "Orca"  (nach  dem  Typus  der  ameri- 
kanischen  Hochseefischerboote  erbaut),  sowie  mehrere  Segel-  und 
Ruderbote  zur  Verfiigung.  Ausserdem  wird  gegenwiirtig  der  Bau 
eines  gedeckten  grossen  Segelfahrz<nigs  beendet,  welches  vollstandig 
fiir  Arbeiten  auf  hoher  See  eing(>richtet  und  ausserdem  mit  einem 
Motor  fiir  den  Betrieb  einer  Schraube  sowie  einer  Wmde  und  der 
Ankerspille  versehen  sein  wird. 

Die  Station  ist  das  ganze  Jahr  liinihirch  geoffnet,  doch  erscheinen 
infolge  der  Schwierigkeiten,  mit  welcher  die  Arbeit  im  Winter  ver- 
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bunden  ist,  die  Monate  von  April  bis  September  als  die  giinstigste 
und  produclivste  Arb(>itszeit. 

Jeder  Forscher,  welchen  ein  Platz  auf  der  Station  ziigetheilt  wird, 
erhalt  einen  Arbeitstisch  im  Laboratoriiim,  ein  Wolinzimmer,  die 
wichtigsten  Reagentien,  das  nothige  (îlasgeschirr  und  einige  Arbeits- 
aquarien  mit  stiindig  dnrchHie.sscndeni  Wasser.  Ausserdem  steht 
den  auf  der  Station  Arbeitenden  ein  Tiierniostat  nacli  Sartorius,  ein 
Jung'sches  Mikrotom  sowie  verschiedene  andere  nothwendige  Appa- 
rate  und  Instrumente  zur  Verfûgung. 

Angesichts  des  verhaltnismiissig  kurzen  Bestehens  der  Station 
am  Ufer  der  Barents-See  kann  die  systematische  Bearbeitung  der  die 
Station  umgebenden  Fjorde  und  Buchten  bewohnenden  Fauna 
naturgemàss  noch  durchaus  nicht  als  beendet  betrachtet  werden; 
nichts  desto  weniger  geben  die  bis  jetzt  erzielten  Resultate  bereits  ein 
reichhaltiges  Material  zur  Beantwortung  mancher  zoogeographischer 
und  bio-physikalischer  Fragen. 

Indem  die  ausfiihrliche  Aufzahknig  aller  bis  jetzt  auf  der  Station 
gefundenen  Formen  und  ein  detailliertes  Eingeben  in  aile  erhaltenen 
Ergebnisse,  die  bochgeehrte  Versammlung  ermiiden  wûrde,  beab- 
sichtiffe  ich  nur  auf  foWnde  Thatsachen  hinzuweisen. 

Auch  fur  die  Fauna  des  Kola-Fjords  behiilt  der  schon  langst 
fur  andere  arctische  Gebiete  ausgesprochene  Satz  seine  voile  Gûltig- 
keit,  wonach  in  derartigen  Gebieten  bei  einem  Reichthum  an  In- 
dividuen  eine  Armuth  an  Arten  beobachtet  wird.  Ausserdem  re- 
prâsentiert  das  Ufergebiet  des  Murman-Meeres,  und  folglick  auch 
der  Kola-Fjord,  da  sie  jenseits  des  Polarkreises  gelegen  sind  und 
gleichzeitig  unter  dem  Einflus  eines  Armes  des  Golfstromes  stehen, 
ein  Gebiet,  wo  wir  rein  arctische  Formen  mit  mehr  sùdlichen  Formen 
des  warmen  Wassers  vermengt  antreffen.  So  finden  wir  zum  Bei- 
spiel  unter  den  Bryozoa  des  Kola- Fjords  neben  Kinefoskias  arhore- 
scens  Cor.  et  Dan.,  Pseudoflustra  solida  Stimps.,  PoreUa  saccata  B., 
Smittia  arctica  (forma  maptsnda)  Sm.,  Rhamphostomella  div.  spec, 
Tubidipora  penicillata  Fabr.,  Defrancia  liicernaria  M.  Sars.,  Barentsia 
major  Hincks  auch  Formen,  wie  Tessarodoma  gracile  M.  Sars  und 
Smittia  pat  eus  Sm.  ;  unter  den  Crustaceen:  Hippolyte  polaris  Sab. 
und  andere  Formen  des  kâlteren  Wassers  neben  Pontophilus  norve- 
gicus  M.  Sars;  unter  den  Tunicaten  finden  wir  zusammen  mit 
Ascidia  dijmphniana  Tr.,  Ascidia  jinmarkiensis  (Kiiier),  Chelyosoma 
macleayanum  Brod.  et  Sow.,  Leptoclinum  roseiim  Sars  auch  Didomus 
crijstaÛinus  Renn.,  welch'letztere  Form  wohl  ausschliesslich  infolge 
der  Einwirkung  des  Golfstroms  im  Kola-Fjord  gefunden  wird. 
Ferner  sehen  wir  hier  so  ausgesprochen  arctische  Arten,  wie  Eupyrgus 
scaber  Lûtk,  Myriotrochus  rinki  Steenstr.,  Siphonodentalium  vitreum 
M.  Sars,  Pleurolenra  walteri  Kr.  und  daneben  den  wârmeren  Ge- 
wâssern  eigenthiimlichen  Octopus  hairdi  Verr. 

Was  die  Verbreitung  der  Thiere  nach  Zonen  betrifït,  so  sind  drei 


920        Vil.    INTERNATIONAL  ZOOLOGICAL   CONGRESS 

Zonen  am  scharfsten  ausgesprochen  :  (1)  Die  Littoralzone  mit  vor- 
wiegenden  Litiorina  rudis,  Littorina  liUorea,  Purpura  lapillus,  Acmaea 
testudinalis ,  Mytilus  edidù,  Bcdaims  balauoidcs,  Gammarus  locusta 
u.  a.  m.  Sehr  hiiufig  finden  wir  in  der  Littoralzone  eine  Menge 
nackter  IMoUusken  aus  den  Aeoliden,  wobei  deren  Auftreten  deutlich 
mit  der  Abnahme  des  Salzgehalts  im  Wasser  zusammentrifft  ;  dièse 
Mollusken  kann  man  erst  in  der  zweiten  Hiilfte  des  Sommers  wàhrend 
der  Ebbezeit  auf  den  steinigen,  massenhaft  mit  Fucus  vesiculosus  und 
Ozothalia  nodosa  bewachsenen  Ufern  finden,  wenn  die  starke  durch 
die  Schneeschmelze  hervorgerufene  Verminderung  des  Salzgehalts 
der  oberflachlichen  Wasserschicht  bereits  vorûbergegangen  ist. 
(2)  Die  Laminarien-Lithothamnien-Schicht  mit  verwiegenden  Chitoii 
marmoreus,  Natica,  Margarita  heliciiia,  Bêla  div.  spec,  Lacuna 
divaricata,  Saxicava  ardica,  Anomia  ephippiuvi,  Pecteii  islandicus, 
Cardium  div.  spec,  Balanus  porcatus,  Stroiigylocentrotus  droebachien- 
sis,  Cucumaria  frondosa,  Halocyuthia  ardica  u.  a.  m.  (3)  Die  Zone 
der  Bryozoen  und  Brachyopoden  (Rhyiichoiiclla  psittacea  Gm., 
Terebratulina  caput-serpentis,  T.  septcntrionalis  imd  Waldheviia 
cranium).  Ausserdem  finden  wir  an  den  tiefsten  Stellen  des  Kola- 
Fjords  noch  eine  vierte  Tiefsee-Zone  (200  m.  und  dariiber),  fur 
welche  die  Answesenheit  von  Siphon odentalium  vitreum,  Ophiocautha 
bidentata  und  einiger  Bryozoen  recht  characteristisch  ist. 

Erwàhnung  verdient  auch  der  Umstand,  dass  ungeachtet  der 
weiten  Verbreitung  der  meisten  Formen  in  vertikaler  Richtung, 
ein  betrâchtlicher  Tlieil  derselben  in  der  grôssten  Menge  von  Exem- 
plaren  nur  in  bestimmten  Tiefen  angetroffen  wird;  dabei  werden 
ganz  bestimmte  Bodenbeschaffenheiten  gewiihlt,  mit  deren  Cliara- 
cter  natiirlich  auch  die  ûbrigen  physiko-geographischen  Lebensbe- 
dingungen  im  Zusammenhang  stehen,  wie  z.  B.  die  Geschwindigkeit 
und  Richtung  der  Strômungen  und  mehrere  andere  Factoren. 

]Mit  diesen  Erscheinungen  hilngt  unter  anderen  auch  das  Vor- 
handensein  besonderer  Gesellschaften  oder  Gruppen  der  allerver- 
schiedensten  vvirbellosen  Thiere  zusammen,  welche  sich  in  bestimmten 
Tiefen  bei  ganz  bestimmten  Lebensbedinguîigen  zusammenfinden  ; 
es  muss  hinzu  naturlich  bemerkt  werden,  dass  wir  bisweilen  ein  und 
dieselb(>n  Thierarten  in  verschiedenen  Gesellschaften  antreffen 
konnen,  mit  dem  Unterschicde  jedoch,  dass  das  Verhiiltnis  zwischen 
der  Zahl  der  Individuen  dieser  Arten  und  der  Individuenzahl  der 
ûbrigen  Arten,  ihrer  Nachbarn,  in  den  verschiedenen  Gesellschaften 
auch  ein  verschiedenes  sein  wird. 

Dièse  'riiatsaclie  stimmt  durchaus  mit  den  Angaben  iiberein, 
welche  Stuxberg  schon  vor  langer  Zeit  beziiglich  der  Vertheilung  der 
wirbellosen  Thiere  in  dem  Karischen  Meere  und  den  nordsibirischen 
Meeren  mitgetheilt  hat;  es  ist  hier  nur  der  einzige  Unterschied  zu 
beachten,  dass  die  L'ormationen  von  Stuxberg,  wie  auch  zu  erwarten 
war.  nicht  mit  denjenigen  Formationen  iibereinstimmen,  welche  wir 
ira  Kola-Fjord  antrefien. 
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In  gegenwàrtiger  Zcit  hat  sich  der  Charactcr  und  dcr  Bestand  der 
wichtigsten  faunistischen  und  floristischen  Formationen  des  Kola- 
Fjords  in  deren  liauptsachlichstcn  (îrundziigcn  IxTeits  fast  voU- 
stiindig  aufgekliirt,  und  ich  erlauhc  niir  dcr  Ilollnung  Ausdruck  zu 
geben,  dass  es  niir  in  Btilde  gelingcn  wird,  die  Ergebnisse  meiner 
diesbeziiglichen  Beobaclitungen  in  Bàlde  verôti'entlicheu  zu  kônnen. 


THE   FAUNAL    RELATIONS    OF   THE    DINOFLAGEL- 
LATA   OF   THE   SAN   DIEGO   REGION 

CHARLES  ATWOOD  KOFOID 

The  examination  of  the  plankton  of  the  San  Diego  région  carried 
on  for  the  past  seven  years  at  the  San  Diego  Marine  Biological  Sta- 
tion has  afforded  an  opportiinity  to  estimate  with  some  degree  of 
definiteness  the  relation  which  the  pelagic  fauna  of  that  région  bears 
to  other  well  known  and  more  thoroughly  explored  locahties.  The 
foundation  of  the  station  upon  a  permanent  basis,  with  ample  build- 
ings and  a  sea-going  vessel,  comljined  with  agreeable  and  stable 
elimatic  and  meteorological  conditions,  makes  this  station  one  of  the 
attractive  places  for  the  naturalist  or  investigator  desiring  most  favor- 
able conditions  for  attacking  problems  of  marine  zoology.  A  brief 
comparison  of  the  fauna  as  represented  by  one  of  the  best  known 
groups  at  San  Diego  with  the  same  groups  as  known  elsewhere  will 
therefore  be  of  interest  as  a  means  of  orientation  of  this  new  station, 
both  in  matters  of  geographical  affinities  and  as  an  index  of  the 
comparative  wealth  of  its  biological  resources. 

The  pelagic  fauna  is  peculiarly  fitted  to  alîord  such  a  test,  for  it  is 
essentially  cosmopolitan  in  its  distribution  and  is  therefore  available 
as  a  common  basis  for  comparison  of  ail  seas,  far  more  than  the  littoral 
fauna  w4iich  reflects  to  a  very  large  degree  the  immédiate  eftect  of 
purely  local  factors. 

The  collections  upon  which  this  comparison  is  based  cover  ail 
seasons  of  the  year,  and  constitute  a  fair  sample  of  the  territory,  of 
that  between  shore  and  the  edge  of  the  continental  shelf  150  miles 
distant  and  to  depths  of  600  fathoms,  though  much  of  material  was 
taken  within  10  miles  of  shore  and  250  fathoms  of  the  surface.  The 
territory  explored  lies  upon  the  submarine  plateau,  upon  which  the 
Santa  Barbara  Islands  stand,  off  Southern  California,  and  is  swept 
bv  the  southeasterlv  California  current.  The  annual  rano^e  in  tem- 
perature  of  surface  waters  along  shore  is  from  about  12.0°  to  21°  C. 
with  a  prédominant  température  between  16°  and  18°,  while  the  geo- 
graphical location  is  32°  40'  N.  117°  30'  W.,  approximately  the 
latitude  of  the  Bermudas,  the  Madeiras,  the  Southern  IMediterranean, 
and  of  INIisaki. 

This  continued  examination  at  the  San  Diego  Station  has  brought 
to  light  about  212  species,  of  which  40  are  new.  The  Hst  includes 
ncarly  ail  of  the  valid  species  from  w^arm  temperate  seas.    This  large 
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number  of  species  is  in  part  an  index  of  the  completeness  of  the  ex- 
ploration, but  may  also  be  an  index  of  the  richness  of  the  pelagic 
fauna.  In  the  comparisons  which  follow  the  writer  does  not  express 
any  opinion  as  to  the  vahdity  of  the  species  recorded  by  the  varions 
authors  cited.  There  is  also  a  considérable  margin  of  uncertainty 
regarding  some  of  the  species,  owing  to  imperfect  descriptions  and 
obscure  synonomy.  Thèse  defects  are  not,  in  his  opinion,  sufliciently 
important  to  materially  affect  the  gênerai  conclusions  hère  drawn. 

The  most  fully  explored  European  territory  is  that  of  the  North 
Sea  and  its  adjacent  waters,  recently  subjected  to  exliaustive  exam- 
ination  by  the  varions  sections  of  the  International  Commission  for 
the  Investigation  of  the  Sea,  with  the  total  resuit  of  70  species  of 
dinoflagellates.  Of  this  number  56  occur  at  San  Diego,  and  of  the 
14  not  found  4  are  arctic  species,  and  6  belong  to  brackish  water, 
while  the  other  four  are  recently  described  and  apparently  rare. 

The  large  proportion  of  known  northern  forms  found  at  San  Diego 
is  still  better  illustrated  by  the  fact  that  of  the  30  Norwegian  species 
ail  but  4  are  found,  and  of  the  21  listed  by  Linko  (  :  07)  from  Bar- 
ents Sea,  north  of  Russia,  ail  but  2  occur  at  San  Diego.  This  large 
représentation  of  the  arctic  fauna  in  the  plankton  of  the  low  latitude 
of  San  Diego  is  explained  by  the  southerly  bound  oft-shore  California 
Current,  whose  deeper  waters,  usually  at  about  50  fathoms,  often  carry 
a  large  burden  of  moribund  diatoms  and  dinoflagellates  of  distinctly 
northern  faciès.  The  San  Diego  list  also  includes  ail  but  2  of  the 
21  species  found  by  the  "Valdivia"  (Karsten  :05)  in  the  Antarctic. 

In  warm  temperate  latitudes  to  which  San  Diego  properly  belongs 
the  best  known  dinoflagellate  fauna  is  that  of  Naples  where,  as  a 
resuit  of  the  investigations  of  Entz  ('84),  Klebs  ('84),  Daday  ('88), 
Schroder  (:00),  and  Dogiel  (:07),  102  species  had  been  brought  to 
light.  Of  thèse,  79  occur  at  San  Diego,  and  of  the  23  which  hâve  not 
been  found  but  4  are  well  known  oceanic  tropical  species,  while  the 
remainder  are  ail  rare  or  obscure  and  in  many  cases  described  from 
neritic  fauna. 

The  gênerai  similarity  of  the  fauna  of  San  Diego  to  that  of  the 
Mediterranean  is  further  evidenced  by  the  lists  which  Schroder  (  :  06) 
has  but  recently  published  and  by  the  earlier  work  of  Gourret  ('83). 
Gourret's  lists  from  Marseilles  number  58  species  of  which  ail  the 
recognizable  ones  occur  at  San  Diego,  and  of  the  37  species  listed 
from  the  northern  Adriatic  by  Schroder  ail  but  one  are  found,  and  of 
50  from  the  lonian  Sea  ail  but  3.  Pavillard's  (  :  05)  carefully  made  list 
from  Cette  in  southern  France  contains  65  species  of  which  but  8  are 
as  yet  unknown  at  San  Diego. 

The  warm  temperate  affinities  of  the  San  Diego  dinoflagellates 
appear  also  in  a  comparison  with  Japanese  waters,  where  Okamura 
(  :  04  and  :  07)  has  found  50  species,  and  Schroder  (  :  06)  37,  ail  but 
one  of  which  are  known  at  San  Diego. 
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The  relatively  large  proportion  of  the  semi-tropical  and  even 
tropical  fauna  which  occurs  at  San  Diego  is  apparent  from  the  fol- 
lowing  comparisons  based  on  lists  of  Schroder  or  others. 


Locality 


Red  Sea  (Schroder) 

Red  Sea  (Ostenfeld  and  Schmidt  :01)      .    . 

Arabian  Sea 

Indian  Océan 

Indian  Océan  and  Malay  Arch.  (Cleve  :01) 

Singapore      

Sunda  Sea 

South  China  Sea      

Pacific  Océan  25°-30°  N 


Not  at 
San  Diego 


10 
18 
15 
1 
0 
2 
0 


This  relatively  large  représentation  of  the  semi-tropical  and 
tropical  fauna  at  San  Diego  is  probably  due,  not  only  to  its  latitude 
but  also  to  the  fact  that  in  midwinter  there  was  (at  least  in  the  winter 
of  1903-1904)  a  considérable  invasion  of  plankton  of  tropical  char- 
acter  due  probably  to  the  temporary  northward  extension  of  an  in- 
shore  return  current  indicated  in  the  hydrographical  charts  ofî  the 
coast  of  Mexico  and  Lower  California. 

Not  infrequently  the  plankton  of  the  San  Diego  région  exhibits  an 
unusual  proportion  of  plankton  débris,  broken  and  empty  thecae  and 
moribund  individuals  in  the  case  of  the  dinoflagellates,  as  well  as 
skeletal  remains  of  other  groups,  such  as  the  Ratliolaria  and  Cope- 
poda.  This  condition  is  strongly  suggestive  of  évidence  of  the  up- 
welling  of  deeper  waters  against  the  continental  shelf  which  has 
been  elsewhere  described  for  the  Pacific  coast  from  the  data  of 
températures  by  Holway  (:05).  It  is  not  improbable  that  the 
immense  outbreaks  of  "rusty  seas"  occasioned  by  Dinoflagellata, 
priuc\\yd\\y  Gonijaulax  polyhcdra  (Torrey  :02),  which  are  common 
along  the  western  coasts  of  the  continent,  are  occasioned  by  the 
nitrogenous  enrichment  of  the  surface  waters  by  this  upwelling 
(Xathanson  rOG). 

Not  ail  of  the  tropical  fauna  is,  however,  found  at  San  Diego,  as 
is  seen  in  the  fact  that  of  the  89  species  found  by  Murray  and  Whit- 
ting  ('99)  in  the  tropical  Atlantic  only  44  are  recorded  at  San  Diego, 
an(l  of  the  99  new  species  from  the  tropical  Pacific  recently  described 
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by  me  (  :  07)  only  4  liavo  heen  foiind  there.  The  charactcristic  tropical 
species  lie  largely  in  tlie  gênera  Heterodinium,  Centrodiniuni,  and 
among  the  Dinophysidae. 

While  tiie  neritic  i'auna  is  abundantly  represented  at  San  Diego  in 
the  plankton  of  its  extensive  bay  and  in  coastal  watcrs,  the  species  of 
more  strictly  oceanic  distribution  are  immediately  at  hand.  This  is 
évident  in  the  tact  that  of  the  97  species  brought  to  light  by  the  ex- 
tensive and  wide-reaching  examination  made  by  Cleve  (  :  00  and  :  02) 
of  Atlantic  plankton  of  the  high  seas,  only  20  are  not  recorded  at  San 
Diego,  and  of  thèse  20,  2  are  arctic,  12  tropical,  and  the  remainder  very 
rare  species.  Of  the  "  Valdivia  "  expédition  46  species  reported  by 
Karsten  (  :  06)  from  the  Atlantic  only  4  are  absent  from  San  Diego, 
and  thèse  are  tropical.  Schroder's  33  species  from  the  open  Pacific 
at  2ô°-30°  N.,  and  ail  but  2  of  Lemmermann's  ('99)  49  from  several 
localities  in  the  open  Pacific,  appear  at  San  Diego. 

The  dinoflagellates  of  this  région  thus  represent  a  wide  range  of 
the  pelagic  fauna,  including  both  arctic  and  tropical  species.  The 
component  species  are  predominantly  semi-tropical  in  their  relation- 
ships.  Both  neritic  and  oceanic  faunas  are  fully  represented,  the 
former  exceptionally  so,  for  a  coastal  locality. 

The  conclusions  hère  presented  regarding  the  tropical  affinities 
and  oceanic  character  of  the  plankton  are  borne  out  by  the  data  from 
the  Copepoda  of  the  région  (Esterly  :  05)  and  by  that  from  the  Tuni- 
cata  (Ritter  :04).  An  investigation  of  the  chaetognaths  now  in 
progress  points  conclusively  to  the  same  direction. 
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SIGNIFICANCE   OF  CERTAIN    FORMS  OF  ASYMMETRY 
•       OF   THE    DINOFLAGELLATES 

CHARLES  ATWOOD  KOFOID 

The  bilatéral  asymmetry  of  the  body  of  Protozoa  and  other 
minute  organisms  is  well  known.  In  locomotion,  as  thèse  organisms 
move  forward,  they  rota  te  upon  their  own  major  axis  and  pursue  a 
spiral  course  of  greater  or  less  radius  about  the  axis  of  progression. 
The  asymmetry  of  the  body  is  directly  correlated  with  this  spiral 
course  in  locomotion. 

The  Dinoflagellates  form  no  exception  to  this  gênerai  rule.  The 
powerful  transverse  flagellum  provides  for  the  rotation  of  the  body, 
and  the  even  more  effective  longitudinal  one  serves  as  a  propelling 
and  steering  organ.  No  instance  of  complète  bilatéral  asymmetry  is 
known  to  me  among  the  several  hundred  species  in  the  group.  It 
is  on  the  left  side  of  the  body  that  the  flagella  originate  or  to  which  the 
transverse  one  always  turns,  and  it  is  always  this  side  that  is  the 
longer  or  exhibits  the  greater  structural  development.  Fundamental 
asymmetry  thus  attends  the  arrangement  of  the  flagella.  Thus  in 
Ceratium  the  left  antapical  horn  is  longer  than  the  right,  and  the 
postmargin  of  the  midbody  is  oblique  toward  the  longer  horn. 
Throughout  the  group  the  transverse  girdle  which  carries  the  trans- 
verse flagellum  is  usually,  though  not  universally,  wound  about  the 
body  in  a  descending  right  spiral,  which  among  some  of  the  Gym- 
nodinidse  encircles  the  body  twice,  with  a  total  displacement  between 
the  ends  of  more  than  half  the  length  of  the  body,  with  an  accom- 
panying  twisting  of  the  longitudinal  furrow.  Types  of  asymmetry 
such  as  thèse,  and  indeed  of  many  others  among  the  bizarre  and 
grotesqu(^  foi-ms  which  thèse  organisms  display,  are  plainly  corre- 
lated with  tlieir  spiral  course  in  locomotion.  Thèse  forms  of  asym- 
metry are  strikingly  absent  among  the  Radiolaria  in  which  locomotor 
organs  are  entirely  absent,  except  in  the  motile  spores,  which  are 
provided  with  flagella. 

There  is  develoj)ed  in  this  group  of  Dinoflagellates  to  an  extent 
scarcely  cqualled  in  any  other  group  of  pelagic  organisms  a  diversi- 
fication and  difl'erentiation  of  the  thecal  wall  by  extension  of  spines 
and  horns,  fins,  ribs,  and  reticulations,  which  increase  the  spécifie 
surface  and  "form  résistance"  of  the  organism  and  thus  facilitate 
its  flotation,  and  an^  then^fore  preserved  by  natural  sélection,  though 


ASYMMETRY  OF  THE   DINOFLAGELLATES  929 

sélection  seems  inadéquate  to  explain  the  origin  of  the  range  and 
variety  of  the  diversifications  which  hâve  arisen.  Ainong  the  varied 
patterns  which  the  species  of  this  group  afford  are  not  a  few  in- 
stances of  asymmetry  of  skeletal  plates,  spines,  or  surface  markings 
which  belong  inerely  in  this  category  of  generally  useful  extensions 
of  the  surface,  but  for  whicli  no  spécial  utihty  appears  to  inhcre  in 
the  fa  et  of  asymmetry.  Many  exaniples  of  this  apparently  meaning- 
less  asymmetry  will  be  found  among  the  unique  forms  bf  Histioneis. 

There  is  among  the  Dinoflagellates,  however,  a  type  of  asymmetry 
which  is  not  merely  increase  of  surface,  nor  is  it  on  the  other  hand 
(Urectly  correlated  with  the  spiral  movement,  but  subserves  a  whoUy 
différent  purpose.  In  its  simplest  form  it  appears  in  most  of  the 
elongated  species  of  Ceratium,  as  in  C.  pennatum,  where  the  greatly 
developed  left  antapical  horn,  and  sometimes  also  the  apical,  are 
curved  in  a  more  or  less  regular  common  arc,  whose  radius  is  one  to 
several  times  the  length  of  the  body.  This  curvature  is  such  that  the 
body  or  horn  is  concave  on  its  sinistro-dorsal  face.  In  C.  biceps,  one 
of  the  most  elongated  forms,  there  is  little  or  no  curvature,  but  the 
elongated  left  antapical  horn  is  bent  to  the  bft  and  dorsally  from 
the  axis  of  the  anterior  half.  Obviously  such  curvature  wnth  defîec- 
tion  from  the  axis  does  not  facilitate  the  spiral  movement  and  must 
slightly  impede  it,  by  increasing  the  relative  surface  at  a  distance 
from  the  axis  of  rotation,  or  by  increasing  the  radius  of  the  spiral.  - 

Given  a  vertical  orientation  of  the  body  of  such  a  Ceratium,  it 
is  obvions  that,  on  the  cessation  of  locomotion,  the  body  afïords  a 
minimum  vertical  projection  to  the  pull  of  gravity,  and  that  upon  the 
sinking,  which  results  from  the  action  of  gravity  upon  the  slight 
overweight  of  the  body,  the  efïect  of  the  asymmetrical  deflection  or 
curvature  of  the  left  antapical  horn  is  to  turn  the  body  in  an  arc 
approaching  that  of  the  horn,  info  a  nearly  horizontal  position  in 
which  the  maximum  vertical  projection  is  opposed  to  the  pull  of 
gravity,  and  moreover  to  repeatedly  bring  the  body  back  toward  the 
horizontal,  as  it  wavers  in  one  direction  or  the  other  from  it,  in  its 
downward  descent.  This  asymmetry  of  the  body  is  thus  an  adapta- 
tion which  impedes  the  passive  descent  of  the  organism  to  abyssal 
régions  in  response  to  gravity. 

In  other  species  of  Ceratium,  especially  those  of  the  C.  tripos 
type,  where  ail  three  horns  are  elongated,  the  asymmetry  is  of  a  dif- 
férent form  and  in  a  somewhat  différent  direction.  The  two  antapi- 
cal horns  in  latéral  view  do  not  lie  in  the  same  plane  wûth  the  apical, 
but  are  bent  ventrally  at  the  shoulder,  afîording  rounded  curves  which 
slope  ventro-laterally  from  the  posterior  end  anteriorly. 

Given  in  this  case  a  vertical  orientation,  there  is  at  the  same  time 
a  minimum  vertical  projection  to  interfère  either  with  forward,  i.  e. 
upward,  progression,  or  a  dowmward  sinking.  As  in  the  case  of 
C.  pennatum  first  discussed,  the  asymmetry  would  not  interfère  with 
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active  locomotion  in  a  straight  line,  for  this  is  accompanied  by  rota- 
tion of  the  body,  but  in  passive  sinking  the  curvature  throws  the 
body  at  once  upon  its  ventral  face  with  the  maximum  exposure  of 
midbody  and  horns  to  the  direction  of  sinking,  and  thus  delays  the 
descent. 

In  some  species  of  Peridinium  afld  Heterodinium  there  is  often  a 
marked  obliquity  in  the  girdle,  which  is  high  dorsally  and  low  ven- 
trally,  and  the  antero-ventral  and  postero-dorsal  faces  are  oblique  in 
the  same  direction  to  the  main  axis.  The  resuit  of  this  obliquity 
in  the  case  of  vertical  orientation  of  the  organism,  and  corresponding 
minimum  vertical  projection,  is  to  turn  the  body,  immediately  upon 
sinking,  into  a  horizontal  position  with  maximum  and  often  quad- 
rupled  vertical  projection,  thus  impeding  the  descent  to  the  abyssal 
régions.  This  obliquity  in  thèse  gênera  throws  the  organism  upon 
its  dorsal  face  instead  of  the  ventral,  as  in  Ceratium. 

I  hâve  hère  called  attention  to  but  a  few  of  the  striking  instances 
among  the  Dinoflagellates  of  this  adaptative  asymmetry.  It  appears 
in  curvature  to  the  left  of  the  antapex  of  elongated  forms  of  Amphi- 
solenia,  Triposolenia  ^  and  Centrodinium,  in  the  curvature  of  species 
of  Oxytoxum,  and  in  the  obliquity  of  the  ventral  fin  of  the  Dino- 
physidae  generally,  in  fact  it  is  almost  universal  in  some  form  or 
other  throughout  this  group. 

Observations  on  living  Dinoflagellates  show  that  their  locomotor 
activity  is  intermittent,  and  that  with  no  marked  exceptions  they 
hâve  an  appréciable  overweight,  for  they  sink  quickly  to  the  bottom 
of  the  aquarium  in  the  adverse  conditions  of  confinement  and  crowd- 
ing  in  a  plankton  collection,  possibly  because  of  fatigue  from  con- 
tinued  stimulation  on  capture  and  confinement.  This  sinking  occurs 
in  most  cases  even  though  the  normal  température  and  therefore  the 
molecular  friction  and  resulting  buoyancy  of  the  water,  to  which  they 
hâve  been  accustomed,  is  maintained.  The  Dinoflagellates  there- 
fore maintain  themselves  near  the  surface  of  the  sea,  in  part  at  least, 
by  their  own  intermittent  locomotor  activities.  Upon  cessation  of 
locomotion  the  slight  overweight  at  once  tends  to  sink  them  toward 
the  abyssal  régions.  ]\Iy  observations  on  the  plankton  collected  from 
the  surface  to  depths  of  GOO  fathoms  indicates  that  most,  if  indeed  not 
ail,  of  the  more  common  species  live  within  100  fathoms  of  the  surface, 
and  that  below  50  fathoms  the  number  of  moribund  individuals  in 
which  degenerative  changes  in  the  chromatophores  hâve  reached  an 
advanced  stage  greatly  increases.  Many,  though  by  no  means  ail, 
Dinoflagellates  contain  chromatophores.  Some  species  with  holo- 
zoic  nutrition  hâve  noue.  The  évidence  of  distribution  at  hand  points 
plainly  to  the  conclusion  that  optimum  conditions  of  existence  for 
the  Dinoflagellates  lie  within  the  upper  levels  of  more  or  less  illu- 

'  See  Kofoid,  1906,  On  the  Significance  of  the  Asymmetry  in  Triposolenia. 
Univ.  of  Calif.  Pubs.  Zool.,  v.  3,  p.  127. 
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mined  water,  and  that  descent  to  the  abyssal  darkness  is  fatal  to 
them. 

Dinoflagellates  are  sensitive  to  light,  respond  to  its  stimulus,  and 
exhibit  négative  or  positive  heliotropism  to  conditions  of  illumina- 
tion in  the  laboratory.  The  genus  Pouchetia  possesses  a  so-called 
eye,  with  a  well-developed  lens  and  enveloping  pigment  body,  the 
highest  type  of  light-perceiving  organ  known  among  the  Protozoa. 
It  is  not  improbable  that  under  certain  conditions  of  dim  illumina- 
tion, depending,  it  may  be,  upou  the  intensity  of  the  light,  each  species 
becomes  positively  heliotropic,  and  orients  itself  as  other  heliotropic 
organisms  are  known  to  do,  with  its  antero-posterior  axis  in  a  posi- 
tion parallel  to  the  direction  of  the  rays,  i.  e.  in  a  vertical  position. 
With  very  few  exceptions  in  the  group  this  is  the  axis  of  greatest 
elongation  and  therefore  least  Vertical  projection.  In  this  orienta- 
tion locomotion  by  spiral  rotation  results  in  ascent  toward  the  surface 
of  the  sea,  with  the  minimum  "form  résistance"  to  progression. 
But  this  very  orientation,  most  advantageous  for  ascent,  is  also  least 
résistant  to  descent,  and  when  locomotor  activity  ceases,  Sisyphus- 
like,  the  organism  would  descend  again  were  it  not  for  the  asymmetry 
caused  by  the  curvature  of  the  horn  or  other  adaptation  which,  owing 
to  the  cessation  of  spiral  rotation,  at  once  shifts  the  body  from  a 
position  of  minimum  to  that  of  maximum  vertical  projection  and 
thus  prolongs  the  descent  to  Avernus. 

Types  of  asymmetry  in  actively  moving  species  which  assist  in 
this  shift  in  the  position  of  the  body  upon  sinking  of  the  organism 
are  thus  adaptive  and  of  sélective  value. 


SUMMARY    OF   THE    RESULTS    OBTAINED    FROM   A 

STUDY    OF   THE    RECENT   MADREPORARIA    OF 

THE   HAWAIIAN   ISLANDS    AND    LAYSAN 

T.    WAYLAXD    VAUGHAN 

After  the  return  of  the  U.  S.  Bureau  of  Fisheries  steamer  "Al- 
batross"  from  the  Hawaiian  Islands  in  ]'902,  Prof,  C.  H.  Gilbert 
recjuested  me  to  write  a  report  on  the  Madreporaria  collected  dur- 
ing  the  expédition.  As  the  material  proved  more  interesting  than  was 
at  first  anticipated,  and  as  a  considérable  number  of  the  spécimens 
of  the  United  States  Exploring  Expédition  under  Captain  Wilkes 
were  preserved  in  the  United  States  National  Muséum,  it  was  decided 
to  attempt  as  full  an  account  of  the  Madreporaria  of  the  islands  as 
possible. 

Besides  the  collections  made  by  the  "  Albatross"  and  those  alreadj 
in  the  United  States  National  Muséum,  I  was  able  to  study  the  ma- 
terial in  the  Yale  University  INIuseum,  and  Dr.  W.  T.  Brigham, 
Director  of  the  Bernice  Pauahi  Bishop  Muséum  at  Honolulu  had 
excellent  collections  made  for  me  on  the  reefs  of  Molokai  and  Oahu. 
Prof.  J.  E.  Duerden,  during  the  summer  of  1904,  made  an  extensive 
collection  of  Hawaiian  shallow-water  corals  under  the  auspices  of  the 
Carnegie  Institution  and  the  American  ^luseum  of  Natural  History 
of  New  York.  Through  the  courtesy  of  the  officiais  of  thèse  two 
organizations  an  opportunity  was  given  to  examine  ail  of  this  material, 
which  comprised  approximately  2,000  spécimens. 

Prof.  Théodore  Studer,  of  Berne,  and  Prof.  Ludwig  Doderlein, 
of  the  University  of  Strassburg,  sent  me  photographs  of  the  species  of 
corals  that  they  liad  described  from  the  islands.  For  purposes  of 
comparison,  I  had  access  to  the  collections  of  the  United  States 
National  Muséum  and  the  Yale  University  Muséum,  and  a  collec- 
tion made  by  the  "Albatross"  in  the  South  Pacific  in  1900,  and  an- 
other  made  by  Dr.  (^harles  Gravier,  of  the  ^Muséum  d'Histoire 
Naturelle,  Paris,  on  the  coast  of  French  Somaliland,  East  Africa, 
were  utilized. 

The  spécimens  of  Hawaiian  corals  studied  numbered  between 
4,000  and  5,000,  and  there  was  a  moderate  amount  of  material  from 
other  régions  in  the  Pacific  or  Indian  océans  available  for  comparison. 

The  results  obtaincd  from  thèse  studies  hâve  been  embodied  in 
a  mcmoir,  entitled  "Récent  Madreporaria  of  the  Hawaiian  Islands 
and  Laysan,"  and  published  as  Bulletin  59  of  the  United  States 
National  Muséum. 
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Dnring  the  investigation  several  objects  were  definitely  borne 
in  mind  : 

1.  To  describe  and  figure  ail  forms  known  or  supposed  to  occur 
in  the  islands  in  such  a  manner  that  référence  to  previous  pub- 
lications on  the  ]\Iadreporaria  found  around  them  would  not  be 
necessary. 

2.  To  throw  as  much  light  as  possible  on  the  morphologv  of  their 
hard  parts  and  on  problems  of  classification  dealt  with  from  that 
standpoint. 

3.  To  make  as  thorough  studies  of  the  variation  of  the  différent 
forms  as  the  material  and  the  conditions  under  which  the  work  was 
done  would  permit. 

4.  To  record  ail  obtainable  data  on  the  phvsical  conditions  under 
which  the  différent  forms  lived,  and  to  ascertain  the  influence  of  depth 
and  température  on  distribution. 

5.  To  détermine  the  afïinities  of  the  Hawaiian  ^ladreporaria  to 
the  Madreporaria  of  other  areas  of  the  Indo-Pacific  région. 

In  the  paper  which  I  hâve  the  honor  of  reading  to  you,  I  will 
give  the  results  of  the  systematic  work  on  the  fauna,  the  data  obtained 
on  its  bathymétrie  and  thermal  distribution,  and  the  conclusions 
regarding  its  zoo-geographic  afBnities. 


Systematic  Results 

Previous  to  this  study  about  38  species  of  stony  corals  had  been 
recognized  from  the  Hawaiian  Islands.  The  occurrence  of  several 
of  thèse,  however,  is  doubtful,  and  at  least  two  of  the  identifications 
of  species  with  those  from  other  régions  are  erroneous.  The  fauna 
as  at  présent  known  may  be  presented  in  the  following  table  : 

Madrepokaria  Imperforata 
Family  FLABELLID^ 
Genus  Flabellum,  2  sp.  +  3  var. 


Gardineria, 

1  sp. 

Placotrochus, 

1  sp. 

Family  CARYOPHYLLIID.E 

Genus  Desmophyllum, 

1  sp. 

Paracyathus, 

4  sp. 

Deltocyathus, 

1  sp. 

Trochocyathus, 

1  sp. 

Caryophyllia, 

3  sp. 

+  1  var 

Cyathoceras, 

1  sp. 

Ceratotrochus, 

1  sp. 

934        VII.    INTERNATIONAL  ZOOLOGICAL  CONGRESS 

Family  ANTHEMIPHYLLIIDiE,  new 
Genus  Anthemiphyllia,  1  sp. 

Family  OCULINIDiE 
Genus  Madrepora,  1  sp. 

Family  STYLOPHORID^ 
Genus  Madracis,  1  sp.  +  1  var. 

Family  POCILLOPORID^ 
Genus  Pocillopora,  7  sp.  +  6  var. 

Family  ORBICELLIDiE 
Genus  Leptastrea,  3  sp. 

Cyphastrea,  1  sp. 

Family  FAVIIDiE 
Genus  Cœlastrea,  1  sp. 

Favia,  3  sp. 

Family  MUSSIDiE 
Genus  Mussa,  1  sp.  doubtful. 

Madreporaria  Fungida 

Family  FUNGIID.E 
Genus  Fungia,  G  sp.,  2  doubtful. 


Family  AGARICUDiE 

Genus  Pavona, 

2  sp. 

Leptoseris, 

Stephanaria, 

Psammocora, 

4  sp. 
2  sp. 
1  sp. 

Bathyactis, 

1  sp. 

Madreporaria  Perforata 

Family  EUPSAMMID^E 
Genus  Steplianophyllia,  1  sp. 
Endopachvs,         1  sp. 
Balanophyllia,      3  sp.  +  1  var. 
Dendrophyllia,     3  sp. 
Anisopsammia,     1  sp. 

Family  ACROPORID^E 
Genus  Acropora,  1  sp. 

Montipora,  8  sp.  +  1  var. 
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Family  PORITID^ 
Genus  Porites,  15  sp.  +  21  formœ  +  7  subformse. 

Family  FAVOSITID^ 
Genus  Alveopora,  1  sp. 

One  family  is  describcd  as  new,  the  Anthemiphylliidfe.  The 
other  familles  hâve  now  become  more  or  less  traditional.  I  should 
Hke  to  say  that  1  seriously  doubt  the  affinity  of  Alveopora  with  the  Pale- 
ozoic  Favosites,  in  spite  of  the  excellent  arguments  that  hâve  been 
brought  forward  to  maintain  that  conclusion.  I  do  not,  however, 
know  any  modem  perforate  coral  to  which  Alveopora  shows  in  its 
skeletal  characters  close  relationship. 

The  fauna  as  now  known  comprises: 


Families. 

Gênera. 

Species. 

Varieties. 

Formae. 

S  ub  formae. 

Recognized,     15 

34 

85 

13 

21 

7 

New,                  1 

1 

46 

7 

19 

7 

Great  difficulty  was  experienced  in  the  systematic  handling  of 
the  material,  because  of  the  known  great  variation  of  corals  and 
the  uncertainty  as  to  what  should  be  considered  a  species.  The 
following  is  the  définition  of  a  species  used:  A  species  is  a  group 
of  individiials  connected  among  themselves  hy  intergrading  characters 
and  separated  hy  distinct  lacunœ  from  ail  other  individuals  or  groups 
of  individucds.  The  word  "variety"  is  employed  in  the  significance 
attributed  to  it  by  systematic  zoôlogists  in  America,  a  "variety"  is 
connected  by  continuons  variation  wùth  the  typical  form  of  the  species 
to  which  it  is  considered  to  belong  and  would  be  represented  by  a 
secondary  mode  on  a  species  curve. 

Two  of  the  species,  Porites  compressa  and  Porites  lobata,  are 
divided  into  numerous  "formée"  and  "subformœ."  Neither  the 
cause  of  this  variation  nor  the  importance  that  should  be  attached  to 
it,  is  known.  The  importance  of  making  extensive  and  detailed 
studies  of  variation  and  the  subjection  of  the  members  of  the  group 
to  varions  physiological  experiments,  should  be  emphasized,  as  we 
probably  shall  not  be  able  to  solve  a  number  of  the  fundamental 
problems  until  we  hâve  results  from  thèse  kinds  of  investigations. 

The  succeeding  discussion  will  présent  a  number  of  facts  showing 
that  certain  corals  live  under  certain  conditions  of  depth  and  tem- 
pérature. The  discovery  of  the  causes,  w^hich  probably  hâve  a  physio- 
logical basis,  underlying  the  inferred  adjustment  to  environment 
has  not  been  attempted.  Facts  of  the  kind  hère  given  merely 
indicate  what  the  distribution  is,  and  are  of  importance  to  the  paleon- 
tologist,  as  it  is  by  the  possession  of  such  knowledge  that  he  may 
reconstruct  from  a  study  of  fossils  the  physical  conditions  that  pre- 
vailed  during  past  geological  epochs. 
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Bathymetric  Distribution 

This  table  is  not  absolutely  correct,  becausc  of  the  insufficiency 
of  the  data  regarding  the  depth  at  which  some  of  the  form.s  wcre 
collected,  and  as  some  of  the  species  are  divided  iiito  "varietics"  or 
"forms"  the  problem  of  comparison  is  adcHtioiially  comphcated. 
The  following  gênerai  conclusions  are  clearly  indicated  : 

The  greatest  number  of  forms  are  developed  in  shallow  water, 
between  0  and  25  fathoms.  There  are  over  five  times  as  many  forms 
between  0  and  25  fathoms  as  between  25  and  40.  Forty  fathoms 
represent  the  maximum  depth  to  which  any  reef  species  extends. 
There  is  rapid  further  decrease  in  the  number  of  forms  between  40 
and  100  fathoms,  the  ratio  to  the  number  occurring  between  0  and 
25  fathoms  being  about  1:10;  between  25  and  40  fathoms,  1:2. 
Only  two  forms  are  peculiar  to  this  depth,  the  others  ranging  into 
shallower  or  deeper  water,  while  one  ranges  into  both  shallower 
and  deeper  water. 

The  number  of  forms  increases  between  100  and  200  fathoms; 
the  ratio  to  the  number  between  40  and  100  being  3:1.  Between 
200  and  300  there  is  a  marked  decrease  ;  between  300  and  400  a  still 
further  decrease.  From  100  to  400  fathoms,  however,  seems  to  be  a 
second  faunal  zone. 

Thirty-four  of  the  124  forms  considered  in  the  table  occur  between 
100  and  400  fathoms.  Not  one  of  them  ranges  into  deeper  water, 
while  only  4  occur  in  shallower  water.  Within  this  zone  species  are 
most  numerous  between  100  and  200  fathoms. 

A  tabulation  of  the  gênera  according  to  bathymetric  distribution 
shows  even  more  clearly  than  the  discussion  of  the  species  the  exist- 
ence of  two  bathymetric  faunal  zones  :  one,  between  0  and  25  fathoms  ; 
the  other,  between  100  and  400.  Between  25  and  100  fathoms  is  an 
intermediate  zone;  4  of  the  5  gênera  between  25  and  40  fathoms 
represent  a  downward  extension  of  the  shallow  water,  or  reef  fauna; 
4  of  the  5  gênera  between  40  and  100  fathoms  represent  the  upper 
limit  of  the  deeper  water  fauna.  The  two  Fungiœ,  Cycloseris  and 
Diaseris,  are  confined  within  the  40  and  100  fathom  planes.  Twenty 
of  the  34  gênera  occur  between  100  and  400  fathoms  in  depth.  Only 
two  of  thèse  were  found  between  0  and  25  fathoms. 
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The  following  generalizations  on  the  bathymétrie  distribution 
of  the  stony  corals  can  be  made  for  the  Hawaiian  Islands  : 

1.  An  abundance  of  individuals  belonging  to  the  Pocilloporidœ, 
OrbicelHdœ,  Faviidœ,  massive  Fungids,  Montiporinse,  and  Poritidœ 
indicate  a  depth  of  less  than  25  fathoms.  Occasional  individuals 
may  grow  at  a  depth  of  40  fathoms.  With  increasing  depth  individ- 
uals of  the  same  species  become  smaller  and  more  fragile. 

2.  An  abundance  of  Turbinolid  and  Eupsammid  species,  and 
slender,  ramose  Oculinids  and  Stylophorids  (as,  for  instance,  Ma- 
dracis)  indicate  a  depth  of  100  to  400  fathoms.  The  best  conditions 
for  the  growth  of  thèse  corals  are  realized  between  100  and  200 
fathoms. 

3.  Two  faunal  zones  can  be  distinguished,  with  an  intermediate 
zone  from  25  to  100  fathoms.  Within  this  zone  there  is  some  com- 
mingling  of  faunas. 

4.  Beyond  the  400-fathom  limit  the  fauna  is  poor,  and  the  species 
outside  it  are  extremely  fragile. 

As  has  been  said,  the  data  at  hand  warrant  thèse  conclusions  for 
the  Hawaiian  Islands.  More  extensive  studies  of  this  kind  are  needed 
for  thoroughly  understanding  the  relations  between  corals  and  depth 
of  water. 

Thermal  Distribution 

In  considering  the  thermal  distribution  of  the  corals  it  was  first 
necessary  to  ascertain  the  température  of  the  surface  of  the  water. 
The  records  of  the  "Albatross"  in  1902  were  used  to  furnish  the 
data.  Thèse  records  when  compiled  showed  a  total  range  in  the  sur- 
face température  of  the  water  from  73°  to  80°.  As  the  observations 
were  made  between  March  27  and  August  29,  they  give  the  summer 
températures.  Unfortunately  data  regarding  the  winter  tempéra- 
tures were  not  at  hand. 

Reef  corals,  growing  practically  at  the  surface  of  the  water,  were 
obtained  on  the  south  coast  of  Molokai,  the  south  coast  of  Oahu, 
the  north  coast  of  Oahu,  and  around  Laysan.  The  surface  tempéra- 
ture of  the  south  coast  of  Molokai  ranges  from  73°  to  76°;  that  of 
the  south  coast  of  Oahu  from  76°  to  78°;  that  of  the  north  coast  of 
Oahu  from  74°  to  75°;  that  of  Laysan  from  73°  to  78°.  There  is 
in  the  summer  time  on  the  coral-reef  areas  of  the  Hawaiian  Islands 
a  range  only  of  5°  in  the  surface  température  of  the  water. 

Thèse  data  ofîer  nothing  new  regarding  the  température  con- 
ditions favorable  for  the  growth  of  reef  corals,  Dana,  in  his  Corals 
and  Coral  Islands,  third  édition,  having  given  a  satisfactory  dis- 
cussion of  the  subject.  The  data  hère  presented  regarding  the  Ha- 
waiian Islands,  however,  furnish  a  starting  point  for  the  présent  study. 
According  to  Dana,  reef  corals  can  endure  a  range  in  température 
from  68°  F.  to  85°  F.,  but  the  annual  mean  must  not  be  below  70°; 
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the  summer  températures  would  be  higher.  The  lowest  summer 
surface  température  recorded  by  the  "Albatross"  was  73°.  The 
foUowing  schedule  will  be  adopted:  Species  found  between  78°  and 
73°;   73°  and  60°;  00°  and  50°;   50°  and  40°;  40°  and  30°. 

A  study  of  the  thermal  distribution  of  the  forms  recognized  gave 
the  following  results: 

Température  78°-73°  F.  —  Seventy-seven  of  121  of  the  forms 
recognized  Hve  within  thèse  température  limits  and  at  a  depth  of 
less  than  40  fathoms. 

Température  73°-60°  F.  —  Nineteen  forms  live  between  thèse 
limits.  Thèse  forms  should  be  divided  into  two  température  zones  : 
First,  between  73°  and  70°,  in  which  4  species  occur,  namely  :  Fungia 
patella  (Ellis  and  Solander),  Fungia  fragilis  (Alcock),  Leptoseris 
hawaiiensis  Vaughan,  and  Leptoseris  scahra  Vaughan.  The  first 
two  were  found  only  within  thèse  température  limits  and  only  at 
depths  between  40  and  75  fathoms.  Leptoseris  hawaiiensis  ranges 
in  depth  from  about  25  to  over  250  fathoms,  in  température  from 
46.8°  to  73.7°  ;  L.  scahra  in  depth  from  about  25  to  nearly  80  fathoms, 
in  température  from  61°  to  74°.  Second,  between  60°  and  70°,  none 
of  the  remaining  forms,  possibly  excepting  Balanophijllia  desmo- 
phyllioides  Vaughan,  which  may  hâve  been  found  at  a  température 
as  high  as  77°  F.,  was  coUected  at  a  température  higher  than  69°  F. 

Température  60°-50°  F.  —  Only  7  forms  were  obtained  within 
this  range. 

Température  50°-4'0°  F.  —  Within  thèse  limits  21  forms  were 
obtained,  a  comparatively  rich  fauna. 

Température  ^0°-30°  F.  —  Only  3  species  were  procured  at  a 
température  below  40°  F. 

The  greatest  abundance  of  forms  is  between  températures  73° 
and  78°,  depth  0-40  fathoms;  a  second  abundant  fauna  is  between 
températures  70°,  or  somewhat  less,  and  40°,  or  somewhat  more, 
depth  100-400  fathoms.  There  is  an  apparent  discordance  between 
the  depth  and  température,  for  the  greatest  number  of  forms  at  a 
depth  greater  than  40  fathoms  occurs  between  100  and  200,  while 
the  greatest  number  of  forms  at  a  température  below  70°  F.  is  be- 
tween 40°  and  50°,  but  between  thèse  températures  ail  the  species 
between  200  and  400  fathoms  are  included.  However,  the  number  be- 
tween 40°  and  50°  is  nearly  the  same  as  between  60°  and  73°.  It 
seems  from  thèse  facts  that  between  40°  and  70°  the  same  species 
may  hâve  a  considérable  température  range. 

A  study  of  the  thermal  distribution  of  the  gênera  gave  the  follow- 
ing results  : 

Ail  the  stricdv  reef-building  gênera  live  at  a  température  of 
73°-78°  F. 

The  list  under  73°-60°  F.  contains  the  names  of  9  gênera  that 
were  not  found  at  a  température  so  high  as  70°  F.    Seven  of  thèse  9 
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were  also  found  at  a  température  betwcen  40°  and  50°.  The  5  gênera 
found  between  60°  and  50°  were  also  found  l)et\veen  50°  and  40°. 

The  gênera  oecurring  hetween  70°  and  40°  is  precisely  the  same 
as  those  oecurring  hetween  die  100  and  400  fatlioms  phines;  70°- 
50°  corresponds  to  depth  100-200  fathoms,  50°-40°  corresponds 
200-400  fathoms.  They  are  Turhinohds,  P]upsammids,  some  slendcr 
branching  Ocuhnids  and  Styloplion'ds,  and  also  some  fragih'  Fungids. 

It  should  be  emphasized  that  thèse  conchisions  apply  to  the 
Hawaiian  Islands,  and  that  more  extensive  studies  are  necessary 
before  the  fundamental  principles  of  control  of  distribution  by  depth 
and  température  can  be  considered  firmly  established. 

The  distribution  of  the  forms  according  to  tlie  character  of  the 
bottom  was  also  stucHed,  but  the  same  species  was  found  to  oceur  on 
so  great  a  variety  of  bottom  that  its  importance  as  a  factor  in  deter- 
mining  the  distribution  is  doubtïul,  except  that  the  water  probably 
must  be  clear  and  the  corals  must  hâve  objects  to  which  they  can 
attach  themselves. 
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Numerous  species  and  varieties  of  the  corals  found  in  the  Hawaiian 
Islands  are  found  elsewhere  or  hâve  close  relatives  in  other  areas. 
This  remark  is  true  of  the  reef  fauna  (1-25  fathoms),  the  deep-water 
fauna  (100-400  fathoms),  and  the  one  occupying  the  intermediate 
depth.  Sufficient  careful  descriptive  work  lias  not  as  yet  been  done 
on  the  différent  areas  of  the  Pacific  to  warrant  detailed  comparisons 
with  other  areas;  besides,  the  définition  of  spécifie  limits  is  still 
unsatisfactory. 

Comparison  with  the  Panamic  Fauna.  —  Only  two  species 
from  the  Hawaiian  Islands  are  actually  identified  with  species  from 
the  west  coast  of  America,  namely  :  Desmophyllum  cristagalli  Milne- 
Edwards  and  Haime,  which  is  a  deep-water  form  of  universal  occur- 
rence, and  Stephcwaria  stellaia  Verrill,  which  Quelch  reports  from 
the  Fiji  Islands.  The  spécifie  resemblance  between  the  faunas  of 
the  two  areas  is  not  close.  They,  however,  hâve  the  foUowing  reef 
gênera  in  common: 

Pocillopora  Stephanaria  Montipora 

Fungia  Dendrophyllia        Porites. 

Pavona 

Several  shallow-water  species  of  Paracyathus  hâve  been  described 
by  Verrill  from  the  Pacific  coast.  Caryophyllia  and  Endopachys 
are  found  in  deeper  water. 

Some  of  the  Hawaiian  and  the  Panamic  Pocilloporse  are  rather 
close,  the  latter  suggesting  the  ligulata  group. 
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Fungia  jxitcUa  and  F.  clrgans  bclong  to  tlic  samc  section  of 
Fungia. 

The  PavonfE  are  close. 

One  species  of  Stephanaria  is  considered  common  to  tlie  two 
areas. 

The  DendrophylHir  are  very  close. 

The  Monti[)ora'  are  dilîerent. 

The  Porites  are  dilîerent. 

The  Panamic  fauna  is  very  close  to,  or  the  same  as,  that  of  the 
Galapagos  Island,  and  is  as  closely  related  to  the  South  Pacific  fauna 
as  to  the  Ilawaiian.  There  is  nothing  to  suggest  migration  l)et\v(>en 
t.he  Ilawaiian  and  Panann'c  régions. 

Comparison  with  the  South  Pacific  and  Indian  Océan  Faunas. 
—  The  results  of  tins  comparison  is  immediately  to  show  aflinity.  A 
number  of  the  species  are  common  throughout  the  area,  and  others 
hâve  close  relatives  occupying  the  différent  areas.  One  of  tlie  most 
striking  things  about  the  Ilawaiian  fauna  is  the  entire  absence  of 
distinctive  gênera.  Excepting  Anthemiphyllia,  and  very  doubtfully 
INIadracis,  there  is  not  a  genus  that  differentiates  it  from  the  faunas 
of  the  South  Pacific-Indian  Océan  région.  In  fact,  as  has  been  said, 
there  has  been  only  partial  spécifie  difïerentiation  between  the  two 
areas.  The  Hawaiian  fauna,  therefore,  should  be  classed  with  the 
Southern  Pacific-Indian  Océan  fauna,  and  it  probably  was  derived 
from  the  latter  at  a  comparatively  récent  date. 

The  Hawaiian  reef  fauna  exhibits  a  peculiarity  worthy  of  further 
notice,  in  the  absence  of  some  of  the  common  reef-l)uilding  gênera 
of  other  areas.  There  are  no  species  of  the  Oculinichie,  Eusmiliidîe, 
or  the  Astrangiida?  ;  there  are  very  few  Orbicellidtie,  none  of  the  large, 
massive,  meandrinoid  Faviidse,  nor  of  the  Mussida\  The  genus 
Acropora  is,  possibly,  but  not  probably,  excepting  A.  echinata, 
entirely  absent.  Dana  noted  the  absence  or  scarcity  of  thèse  corals 
about  the  islands,  and  accounts  for  it  by  their  lying  outside  the  torrid 
zone  of  oceanic  température,  in  the  subtorrid  zone,  where  corals 
are  consequently  less  luxuriant  and  much  fewer  in  species.  Dana's 
explanation  may  be  correct;  but  it  does  not  seem  to  be  supported 
by  sufficient  évidence  to  warrant  its  acceptance.  I  should  like  to 
suggest  an  alternative  explanation.  As  is  well  known,  the  species 
inhabiting  the  w^aters  of  the  Bermuda  Islands  are  ail  identical  with 
Antillean  and  Floridian  species.  No  species  of  Acropora,  however, 
is  found  in  the  Bermudas.  The  Bermudan  is  an  emigrant  fauna, 
and  I  hâve  suggested  that  the  same  is  true  of  the  Hawaiian.  Is  it 
not  possible  that  the  larvœ  of  some  species  and  some  gênera  cannot 
be  transported  alive  for  great  distances  by  currents,  while  other 
can  be? 


VERGLEICHUNG   DER   NORDAMERIKANISCHEN   UND 
EUROPÂISCHEN   TURBELLARIENFAUNA 

LUDWIG  VON   GRAFF 

DuRCH  die  Munificenz  der  Kais.  Akademie  der  Wissenschaften 
war  ich  in  der  Lage,  die  Zeit  von  13.  Mai  bis  17.  August  d.  J.  dera 
Studium  der  Turbellarienfauna  der  U.  S.  A.  zu  widmen.  Ich  habe 
mich  zu  diesem  Zwecke  bis  Ende  Juni  in  Rochester,  N.  Y.,  dann 
in  Cold  Spring  Harbor,  L.  L,  und  in  Wood's  Holl,  Mass.,  aufge- 
halten  und  danke  schon  jetzt  vor  Allem  der  Herren  Ch.  W.  Dodge, 
Ch.  B.  Davenport,  und  F.  R.  Lillie  als  den  Leitern  der  wissenschaft- 
lichen  Institute,  deren  Gastfreundschaft  ich  genossen  habe,  flir  die 
mir  gewahrte  freundhche  Aufnahme  und  Unterstutzung. 

Wir  wissen  nur  sehr  wenig  von  der  Turbellarienfauna  des  slissen 
Wassers  ans  dem  grossen  Gebiete  der  Vereinigten  Staaten  von  Nord- 
amerika  und  noch  weniger  von  den  marinen  Formen,  obgleich  die 
ungeheure  Kustenentwickelung  a  priori  das  Vorhandensein  eines 
grossen  Reichthums  an  solchen  erwarten  lasst. 

Ausser  kleineren  Notizen  ^  existieren  bloss  zw^ei  Specialarbeiten, 
niunlich  jene  von  W.  A,  Silliraan  liber  die  Susswasserformen  der 
Monroe  County,  und  die  Uebersiclit  iiber  aile  bis  1893  bekannt 
gewordenen  Turbellarien  Nordamerika's  von  C.  Girard.  Von  den 
bisher  bekannten  43  Acoela  sind  aus  den  U.  S.  A.  bloss  2  sichere  und 
2  unsichere  Arten,  von  den  bis  1.  August  1906  ^  bekannt  gewordenen 
323  Rhabdocoela  31  (davon  12  unsichere),  und  von  den  77  Alloeo- 
coela  bloss  4  unsichere  Arten  bekannt. 

Indem  ich  auch  hier  dem  Princip  folge,  nur  solche  neue  Arten  zu 
erwahnen,  fur  welche  es  mir  gelang,  das  Genus  unzweifelhaft  fest- 
zustellen,  gebe  ich  hiermit  ein  Verzeichniss  aller  bis  heute  bekannt 
gewordenen  Acoelen  und  Rhabdocoeliden  der  U.  S.  A.  Die  fUr 
Amerika  neuen  mit  einem  Stern  (*)  versehen. 

'  Ich  unterlasse  hier  genauere  Litteratur-Citate  und  verweise  in  dieser 
Beziehung  auf  mein  Litteratur-Verzeichnis  in  Bronn's  Klassen  und  Ordnnngen 
des  Ttcr-Iieichs,  Bd.  IV,  1.  Abt.  p.  1735-1901  und  1985-2009.  Daselbst  ist 
p.  1994  und  2010  auch  einc  kurze  Uebersicht  meines  Systems  gegeben. 

^  Datum  des  Abschlusses  meines  Manuscriptes  der  Tierreich-Rhabdo- 
coelida. 
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ACOELA. 

Fam.  Proporidae. 

Cliildia  nov.  gen.    Proporidae  ohne  Bursa  seminalis.    Mund  auf 
der  Ventralfliiche,  ohne  Pharynx.     Es  sind  2  miinHche  Copu- 
lationsorgane   vorhanden,    dcren   jedes   ein   chitinoses   Stiîett 
triigt. 
*C/t.  spinosa  n.  sp.     Wood's  HoU. 

Fam.    CONVOLUTIDAE. 

Aphanostoma  divcrsicolor  Orst.     Bisher  durch  Verrill  ans  der 
Narragansett-Bay  bekannt,  von  mir  bei  Wood's  Holl  gefunden. 
Species  dubiae:    A.   olivaceum  Verrill.      Bei  Cap  Cod,  Mass., 
durch  Verrill  gefunden. 
A.    aurantiacum    Verrill.      Narragansett-Bay, 
durch  Verrill. 
*Amphiscolops  gardineri  n.  sp.     Wood's  Holl. 
Polychoerus  caiidaius  Mark.    Von  Great  Egg  Harbor,  N.  J.,  bis 
Casco~Bay,  INIe.,  durch  INIark,  Verrill,  Gardiner,  von  mir  bei 
W^ood's  Holl  und  Center  Island  (Oyster-Bay)  gefunden. 

RHABDOCOELA. 

Fam.  Catenulidae. 

Catenula  gracilis  (Leidy).     Philadelphia,  durch  Leidy. 

Stenostomum   leucops    (Ant.    Dug.).     Monroe    County,    N.    Y., 

Chicago,  Ann  Arbor,  Mich.,  Havana,  111.     Durch  Silliman, 

C.    Girard,   Ott,    Child,   und   Pearl,   von   mir   bei  Rochester 

gefunden. 

S.  grande  (Child).     Bei  Chicago  durch  Child,  bei  Rochester  von 

mir  gefunden. 
S.  agile  (Sillim.).    Monroe  County  durch  Silliman,  von  mir  bei 
Rochester  gefunden. 
*>S.  tenuicauda  n.  sp.     Bei  Rochester  und  Cold  Spring  Harbor. 
Rhynclioscolex  simplex  Leidy.     Philadelphia,  durch  Leidy. 
Microstomum  lineare  (Mlill.).     Monroe  County,  durch  Silliman, 

von  mir  bei  Rochester. 
M.  caudatum  Leidy.    Pennsylvania,  Michigan,  New  Jersey,  durch 

Leidy,  Girard,  und  Woodworth. 
Species  dubiae  :  M.  Philadelphicum  Leidy.    Philadelphia,  durch 
Leidy. 
M.  variabile  Leidy.     Philadelphia,  durch  Leidy. 
*M.  davenporti  n.  sp.     Kiiste  von  Connecticut  gegeniiber  Cold 
Spring  Harbor,  sowie  Wood's  Holl. 
Alaurina  proliféra  W.  Busch.     Bei  Newport,  N.  Engl.,  durch 
Fewkes. 
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Fam.  INIacrostomidae. 

Macrostomum    appendiculaium    (O.    Fabr.).      Monroe    County, 

durch  Silliman,  von  mir  bei  Rochester. 
M.  sensitivum  (Sillim.).    Monroe   County,   durch  Silliman,  von 

mir  bei  Falmouth,  Mass.,  gefunden. 

Fam.  Prorhynchidae. 

Prorhijnchus  stagnalis  M.  Schultze.  Monroe  County  und  Penn- 
sylvania,  durch  Silliman  und  Moore,  von  mir  bei  Falmouth, 
Mass.,  gefunden. 

Fam.  Typhloplanidae. 

^Proxénètes  modestus  n.  sp.     Wood's  Holl. 
Promesostoma  marmoratum  (M.  Schultze).     Zwischen  Cap  Cod 
und  Gulf  of  St.  Lawrence,  durch  Verrill,  bei  Wood's   Holl 
von  mir  gefunden. 
Olisthauella  coeca  (Sillim.).    Monroe  County,  durch  Silliman. 
Strongylostoma  gonoce/phcdum  (Sillim.).     Monroe  County,  durch 
Silliman,  von  mir  bei  Rochester  gefunden. 
^Rhynchomesostoma  rostratum  (Mlill.).     Bei  Rochester. 
^Castrada  hofmanni  M.  Braun.     Bei  Rochester. 
Typhloplanaviridata  (Abildg.)  [=  M esostoma  viviparum  SiWim.]. 
Monroe  County  und  Lake  St.  Clair,  Mich.,  durch  Silliman  und 
Woodworth,  von  mir  bei  Rochester. 
Mesostoma   ehrenbergii   (Focke).      Kansas    und    Illinois,    durch 

Woodworth. 
Species  dubiae:  il/,  pattersonii  Sillim.     Monroe  County,  durch 
Silliman. 

Fam.    AsTROTORHYNCHIDAE. 

Astrotorhynchus  hifidus  (M'Int.).  Zwischen  Cap  Cod  und  Gulf 
of  St.  Lawrence,  durch  Verrill. 

Fam.  Dalyellidae. 

Dalyellia.  Dièse  Gattung  ist  im  siissen  Wasser  bei  Rochester  in 
ausserordentlich  reicher  Weise  vertreten.  Ich  ordne  die  Arten 
nach  der  Beschafîenheit  des  chitinôsen  Copulationsorgans,  be- 
ginnend  mit  der  einzigen  bis  jetzt  beobachteten  Art  {D. 
iiiermis),  bei  welcher  der  Pénis  Uberhaupt  keine  Chitintheile 
besitzt.  Spcrmatophorenbildung  in  der  Bursa  copulatrix 
wurde  bei  zweien  {D.  rossi  und  D.  dodgei),  bei  der  letztge- 
nanten  auch  ein  besonderer  Greifapparat  hinter  dem  als 
"  Greifwulst  "  bezeichneten  Telle  des  Pharynx  beobachtet. 
D.  rheesi  besitzt  den  (Bronn-Rhabdocoelida,  p.  2148)  hypo- 
thetisch  vorausgesetzten  Typus  der  Excretionsorgane  von 
D.  schmidtii,  aber  mit  qiicr  nach  innen  abgehendem 
Endstamm. 

(a)  Chitintheile  fehlen  dem  Pénis. 
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*D.  inermis  n.  sp.     Rochester. 

(h)  Ein  einzigcr  rinnenartiger  Chitinstachel  vorhanden. 
*Z).  rochesteriana  n.  sp.      Rochester. 

(c)  Pénis  mit  einem  Kranz  selbststandiger  Stacheln. 
*Z).  eastmani  n.  sp.     Rochester. 

(cl)  Der  Stachelkranz  am  distalen  Rande  einer  Chitinrôhre 
befestigt. 
D.  hlodgctti    (SilHm.).     Monroe    County,    durch    SiUiraan,  von 
mir  bei  Rochester  gefunden. 
*Z).  dodgei  n.  sp.     Rochester. 

(e)  Mit    2    Chitinstielen,    deren    jeder    einen    bestachelten 
Endast  triigt. 
*D.  sillimani  n.  sp.     (=  Vortex   armiger   Sillim.  und  Woodw.). 
iSIonroe    County,  durch    Silliman  und    Woodworth,  von  mir 
bei  Rochester  gefunden. 
*D.  viridù  (G.  Shaw).    Von  mir  bei  Rochester  gefunden. 
*i).  rheesi  n.  sp.     Rochester. 
*D.  rossi  n.  sp,     Rochester  und  Falmouth,  ]\Iass. 

(/)  Jeder  Chitinstiel  trâgt   2    Endàste:    einen  bestachelten 
und  einen  unbestachelten. 
*D.  fairchildi  n.  sp.     Rochester. 
Jensenia   pinguis    (Sillim.).     Monroe   County,  durch   Silliman, 
von  mir  bei  Rochester. 
*Phacnocora  agassizi  n.  sp.    Von  mir  bei  Rochester  gefunden. 
Species  dubiae:   Derostoma   elongatum  Schmarda.      Brakwasser 
bei  New  Orléans. 
Prostoma  marginatum  Leidy.     Philadelphia. 
Vortex   hilineata   Woodw.      Charlevoix,    Mich., 
durch  Woodworth. 

Fam.  Trigonostomidae. 

^Trigonostomum  intermedium  n.  sp.     Wood's  HoU. 
WoodshoUia  nov.  gen.    Trigonostomidae  bei  welchen  die  Pharyn- 

gealtasche  in  die  Russeltasche  miindet. 
*TF.  lilliei  n.  sp.     Wood's  Holl. 

Fam.     POLYCYSTIDIDAE. 

^Polycystis  roosevelti  n.   sp.     Rochester.     Der  europaischen  P. 

goettei  Bresslau  nahestehend. 
*Phonorhynchiis    helgolandicus    (]Mecz.).      Von    mir    bei    Center 

Island  (Oyster-Bay)  und  Wood's  Holl  gefunden. 

Fam.  Gyratricidae. 

*Gyratrix  hermaphroditus  Ehbg.  (=  Gyrator  alhus  Sillim.).     Von 
Silliman  in  Monroe  County,  von  mir  bei  Rochester  gefunden. 
Gyratrix  herviaphroditus  Ehbg.  n.  var.  maculata.    Tidepool  bei 
Wood's  Holl. 
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Fam.  Gyratricidae  —  Continued. 

Species  dubia  :    Kalyptorhynchiorum  :    Rhynchoprobolus    papil- 

losus  Schmarda,  Brakwasser  von  Hoboken. 
Species   dubiae:   Rhabdocoelorum  :    Vortexf    cavicolens    Pack, 
Carter-Hôhle  in  West-Kentucky  durch  A.  S. 
Packard,  Jr.  gefunden. 
Plagiostomum  planum  Sillim.    Monroe  County, 
durch  Silliman. 


ALLOEOCOELA. 

Fam.  Plagiostomidae. 

*Plagiostoma  wilsoni  n.  sp.     Wood's  Hoil. 
*P.  morgani  n.  sp.     Wood's  Holl. 
*P.  stellatum  n.  sp.     Wood's  Holk 
*P.  ivhitmani  n.  sp.     Wood's  Holl. 

Fam.  Pseudostomidae. 

^MonoopJiorum  triste  n.  sp.     Wood's  Holl. 

Fam.    MONOCELIDIDAE. 

*Monocelis  fusca  Orst.    Von  mir  bei  Wood's  Holl  gefunden. 
*M.  wilhelmii  n.  sp.   Von  mir  bei  Wood's  Holl  gefunden. 
Species  dubiae  Crossocoelorum  :  Monocelis  spatulicauda  Girard. 
Bei  Boston  und  Cap  Elizabeth  von  Girard 
und  Verrill  verzeichnet. 
M.  agilis  Leidy.    Von  Rhode  Island,  N.  Y.,  und 
New  Haven,  Conn.,  durch  Leidy  angegeben. 
Species  dubiae  Rhabdocoelidorum  :     Acmostomum  cretndatum 

Schmarda.     Brakwasser  von  Hoboken. 
Hydrolimax  grisea  Hald.     In  Pennsylvania,  durch  Haldeman, 
Girard,  und  Leidy  verzeichnet. 


Ich  habe  demnach  ira  Ganzen  44  Species  soweit  untersuchen 
konnen,  um  ihre  Genus-  und  Species-Charaktere  sicher  zu  stellen. 
Zu  den  bisher  in  dieser  Weise  bekannten  21  nordamerikanischen 
Formen  kommen  30  hinzu.  Von  letzteren  sind  24  fiir  die  Wissen- 
schaft  neu.  Als  Evn'opa  und  den  U.  S.  A.  gemeinsame  Formen  sind 
damit  17  festgestellt. 


QUANTITY   AND   ADAPTATION   OF   THE   DEEP-SEA 
ASCIDIAN    FAUNA 

WILLIAM  E.   RITTER 

In  this  communication  I  discuss  briefly  the  quantity  and  adapta- 
tions of  the  deep-sea  ascidian  fauna.  The  data  are  toc  meager  for 
anything  more  than  partial  conckisions.  But  tentative  though 
the  conclusions  must  be  they  are  worth  drawing,  because  they  add 
weightily  to  the  demand  for  more  thorough  exploration  of  the  bottom 
of  the  sea. 

I  hâve  taken  500  fathoms  as  the  minimum  depth  of  the  "deep 
sea."  This  is  quite  as  arbitrary  a  limit  as  any  other  that  has  been 
fixed  by  différent  authors.  My  reason  for  taking  it  is  rather  vague, 
it  being  that  generally  this  depth  is  safely  beyond  most  of  shore  and 
sub-serial  influences,  and  hence  well  within  the  région  of  relative 
uniformity. 

The  ascidians  must  be  reckoned  among  the  animal  groups  that 
reach  to  genuinely  abyssal  depths.  Some  hâve  been  taken  in  more 
than  3000  fathoms,  and  forty  or  more  species  hâve  been  described 
from  below  500  fathoms. 

What  does  the  knowledge  we  hâve  hint  as  to  the  actual  numerical 
value  of  this  deep-water  fauna? 

The  kernel  of  Herdman's  summary  of  the  depth  range  of  the 
"Challenger"  collections  follows: 

For  simple  ascidians  are  thèse  figures: 

In  32  dredgings  at  from  0-50  fathoms  simple  ascidians  occurred  10  times,  or  at 
31%  of  the  Stations. 

In    51  dredgings  at      50-  500  fath.  sim.  ascid.  occ.    10  times,  or  20%  of  Stations. 
"     23         "  "     500-1000     "         "       "        "        2        "  10% 

"     94         "  "  1000-2000     "         "       "        "        3        "  3%, 

"  161         "  "  2000-3000     "         "       "        "        5        "  3%, 

"This  brings  out  clearly,"  the  author  remarks,  "that  although 
simple  ascidians  extend  into  very  deep  water  and  are  well  repre- 
sented  in  the  abyssal  zone,  still  they  are  chiefly  a  shallow-water 
group."     (Herdman,  Report,  6,  p.  273.) 

For  compound  ascidians  we  hâve  thèse  figures  : 

In  32  dredgings  at  0-     50  fath.  comp.  ascid.  occ.  16  times,  or  50%  of  Stations. 

"  51           "         "  50-  500     "         "           "        "     14       "          27%o 

"  23           "         "  500-1000     "         "           "        "      1       "            4% 

"  94           "         "  1000-2000     "         "           "        "      1       "            1% 
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"Clearly,"  Herdman  says,  "compound  ascidians  are  mainly 
a  shallow-water  group  that  abound  around  coasts  in  a  few  fathoms 
of  water,  and  that  rapidly  decrease  in  numbers  as  greater  and  greater 
depths  are  reached." 

Some  months  of  dredging  on  the  California  coast  by  the  United 
States  Fisheries  Bureau  steamer  "Albatross"  in  the  spring  of  1904 
produced  resuUs  at  variance  in  this  regard  with  those  of  the  "Chal- 
lenger's"  work. 

They  are  as  follows: 

At    206  Stations         0-  500  fath.   8  species  occ,  or  at    3.9%  of  the  Stations. 

0       "         "  "       0%        " 

3       "         "  "      33% 

3       "         "  "     47% 

Thèse  results  are  practically  a  reversai  of  those  of  the  "Chal- 
lenger." They  indicate  that  ascidians  (I  hâve  made  no  distinction 
between  simple  and  compound  in  this  enumeration)  are  much 
more  abundant  in  this  particular  région  in  deep  than  in  shallow 
water.  Even  though  this  conclusion  be  taken  as  valid  for  this 
small  area,  it  cannot,  of  course,  be  raised  against  the  "Challenger" 
évidence  to  a  generalization  for  the  sea  as  a  whole.  Especially  is 
this  seen  when  the  fact  is  considered  that  the  report  on  the  "Val- 
divia"  ascidians  (by  Michaelsen),  and  on  those  on  the  "Siboga" 
and  the  French  Antarctic  Expédition  (both  by  Sluiter),  contain  even 
a  relatively  smaller  number  of  truly  deep-water  species  than  did  the 
"Challenger"  collection.  In  fact,  the  French  expédition  obtained 
no  ascidians  from  a  depth  below  40  meters. 

Are  we,  then,  to  conclude  that  the  "  Albatross"  results  are  without 
particular  significance  because  so  exceptional  ?  I  believe  not.  The 
fragmentariness  of  even  our  fullest  data  on  deep-sea  life  is  ample 
warning  that  ail  conclusions  so  far  reached  should  be  accepted  with 
caution. 

On  examining  more  closely  the  distribution  of  the  deep-sea  ascidi- 
ans, a  fact  in  addition  to  those  indicated  comes  to  light  that  is  likely, 
it  seems  to  me,  to  grow  in  significance  with  further  research.  I  refer 
to  the  extent  to  which  the  species  come  in  bunches  from  certain  locali- 
ties.  Out  of  278  dredgings  by  the  "Challenger"  in  depth  from  500 
fathoms  and  downward,  simple  ascidians  were  taken  ten  times  only. 
In  one  of  thèse  ten  hauls  seven  species  representing  four  gênera  were 
taken.  In  each  of  two  other  hauls,  three  species  representing  a  total 
of  five  gênera  were  taken,  while  in  each  of  two  other  hauls  two  species 
representing  a  total  of  three  gênera  were  taken.  Compound  ascidi- 
ans were  taken  at  only  two  "Challenger"  stations  in  depths  of  over 
500  fathoms.  At  one  of  thèse,  seven  species  representing  six  gênera 
and  four  familles  were  secured.  At  the  other,  one  species  only  was 
taken. 
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Of  stolidobranch  ascidians  from  the  "Valdivia"  expédition  (the 
only  ones  yet  reported  on),  five  species  were  taken  in  dcpths  of  more 
than  500  fathoms;  and  four  of  thèse,  representing  three  gênera, 
were  taken  at  one  station. 

The  social  and  the  holosomatous  ascidians  of  the  "Sil)Oga"  ex- 
pédition hâve  been  reported  on.  Of  thèse,  four  species  were  taken 
in  depths  of  more  than  500  fathoms.  Thèse  came  from  as  many 
différent  stations  and  as  many  depths. 

Herdman  says  as  a  resuit  of  his  study  of  the  "Challenger"  collec- 
tions that  the  list  of  species  "seems  to  show  that  Tunicata  are  much 
more  abundant  at  some  localities  than  at  others."  As  we  hâve  seen, 
the  statistics  he  présents  amply  justifies  this  remark.  We  see  also 
that  it  is  confirmed  by  the  work  of  the  "Valdivia"  and  of  the 
"Albatross"  off  the  southern  California  coast;  while  the  "Siboga" 
results  so  far  as  published  are  silent  with  référence  to  this  matter. 

This  brings  us  to  the  point  I  wish  to  make.  Let  the  évidence 
that  ascidians  are  far  more  abundant,  taking  the  sea  as  a  whole,  in 
shallower  waters  not  far  from  the  coast  than  in  the  abysses,  be  ac- 
cepted  as  conclusive.  It  must  also  be  recognized  from  the  évidence 
that  in  certain  localities  at  great  depths  thèse  animais  are  very  abun- 
dant, three,  four,  five,  six,  and  even  seven  species  at  a  single  trawl 
haul  in  several  widely  separated  parts  of  the  océan.  Imagine  what 
the  ascidian  population  at  such  places  must  actually  be  !  Who  has 
seen  many  shore  localities  equally  rich  ? 

How  much  do  we  know  about  the  extent  of  any  one  of  the  popu- 
lous  spots  that  hâve  so  far  been  touched  ?  Absolutely  nothing.  How 
much  do  we  know  about  the  number  of  such  spots  that  may  exist 
on  the  unexplored  expanses  of  the  sea  bottom?  What  fraction  of 
one  per  cent  of  the  whole  océan  floor  at  depths  beyond  500  fathoms 
has  been  swept  by  the  dredge  or  trawl  ? 

When  we  come  upon  a  place  on  the  shore  where  ascidians  or 
any  other  animais  we  may  be  after  are  abundant,  we  collect  and 
keep  on  collecting  there  as  long  as  anything  new  is  to  be  found.  WTiy 
do  we  not  stay  by  thèse  fertile  grounds  of  the  deep  sea  when  we 
chance  upon  them  ?  Because,  of  course,  our  study  of  the  fauna  of 
this  realm  is  strictly  in  the  reconnaissance  stage.  We  hâve  not  yet 
been  able  to  setUe  down  to  anything  like  thoroughgoing  study  of  the 
life  and  conditions  in  particular  localities.  There  are  obviously 
enormous  areas  of  deep-sea  bottom  still  untouched.  Those  of  us 
whose  nets  are  cast  in  the  Pacific  certainly  do  not  need  to  be  re- 
minded  of  that.  The  reconnaissance  work  will  hâve  to  go  on  for 
décades  yet.  It  appears  to  me,  however,  that  the  strong  indications 
of  a  vastly  numerous  and  varied  fauna  in  the  abyssal  realms  fur- 
nished  by  thèse  known  instances  of  spots  of  truly  wonderful  fer- 
dlity  ought  to  lead  to  a  certain  amount  of  intensive  study,  even  though 
the  opportunity  to  break  virgin  soil  is  still  so  inviting. 
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I  hâve  not  looked  carefully  at  the  évidence  for  similar  density  of 
population  of  other  groups  of  animais  in  certain  localities,  but  from 
the  imperfect  knowledge  possessed  I  suspect  the  same  principle 
holds,  for  several  groups  at  least. 

For  the  remaining  minutes  we  will  look  at  some  questions  arising 
from  the  characteristics  of  deep-sea  ascidians.  The  one  peculiarity 
that  stands  out  conspicuously  hère  is  the  relative  simplicity  of  the 
respiratory  apparatus  of  many  of  the  forms.  There  hâve  been  de- 
scribed  about  forty-five  species  from  depths  of  500  fathoms  and 
more.  Of  thèse  at  least  twenty-five,  distributed  among  eleven  gênera 
and  five  familles,  possess  this  feature  in  one  style  or  another.  The 
gênera  and  familles  referred  to  are:  Culeolus,  Fungulus,  Bathy- 
oncus,  and  Eupera,  representing  the  Cynthiidae;  Bathypera  of  the 
Molgulidae  ;  Chorynascidia,  Abyssascidia,  Hypobythius,  and  Ben- 
thascidia,  representing  the  Ascidiidae;  Pharyngodictyon,  of  the  Poly- 
clinidae  ;  and  finally  Octacnemus,  of  the  family  Octacnemidae. 

A  few  gênerai  statements  concerning  the  nature  of  the  branchial 
simplification  to  which  référence  is  made  must  suffice  for  the  présent. 
In  nearly  ail  the  species  it  consists  in  the  extrême  delicacy  of  ail  the 
respiratory  éléments  proper,  and  the  actual  absence  of  some  of  the 
usual  éléments.  Thus  in  the  abyssal  species  of  the  Cynthiidae  and 
Molgulidae  the  typical  branchial  stigmata  are  held  to  be  entirely 
absent,  the  wide-meshed  network  hère  constituting  the  branchial 
organ  being  regarded  as  the  internai  longitudinal  and  transverse 
vessels  of  the  usual  ascidian  respiratory  mechanism.  In  the  deep- 
water  Ascidiidae,  on  the  other  hand,  stigmata  are  présent,  but  the 
structures  are  ail  excessively  délicate,  while  some  éléments  may  be 
absent.  In  Octacnemus,  again,  a  wholly  différent  sort  of  régressive 
modification  occurs.  Hère  the  respiratory  function  of  the  branchial 
sac  would  seem  to  be  entirely  lost  and  replaced  by  the  digestive 
office.  Its  typical  ascidian  capaciousness  is  wanting,  it  is  found 
filled  with  food  material,  its  stigmata  are  few  and  small,  and  the 
endostyle,  peripharyngeal  band,  dorsal  lamina,  and  other  parts 
exist  only  as  shadows,  so  to  speak,  of  what  they  are  in  ordinary  ascid- 
ians. This  branchial  peculiarity  in  so  many  deep-water  ascidians 
seems  to  be  a  clear  case  of  homoplasy.  An  organ  complex,  more 
diverse  in  élaboration  than  the  branchial  sacs  of  a  molgulid,  a  cyn- 
thid,  and  an  ascidid,  and  presenting  the  same  gênerai  modification 
in  ail  the  species,  living  in  so  unique  but  uniform  an  environment 
as  the  deep  sea,  could  not  well  be  found,  I  imagine.  Exactly  to  what 
physical  or  chemical  influence  this  modification  corresponds  it  is 
difficult  to  see.  The  suggestion  has  been  made  that  paucity  of  oxygen 
is  the  factor.  IIow  this  can  be  does  not  readily  appear.  But  it  is 
not  my  purpose  to  deal  with  this  aspect  of  the  subject  now.  ]\Iy 
wish  is  to  point  out  how  far  short  of  real  enlightenment  a  hait  is  made 
in  such  cases  when  the  mère  fact  of  modification  is  pointed  out,  with 
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perhaps  a  declared  or  implied  satisfaction  on  the  writer's  part  with 
the  notion  of  the  monlding  power  of  environment  or  of  natural  sélec- 
tion as  an  explanation. 

In  the  first  place,  the  obvions  fact  is  too  often  ncglected  that 
environmental  inHnences  of  this  sort  are  really  diversity-ohliterating, 
rather  than  ditferentiating,  so  far  as  the  organisms  in  the  particu- 
lar  environments  are  considcred  among  themselves. 

It  is  only  when  inquiry  is  made  as  to  the  inevitableness  of  the 
effect  of  the  conditions,  and  as  to  the  necessity  of  the  structural 
characters  found  for  the  existence  of  the  organisms  of  the  types 
concerned,  that  the  larger  scope  of  the  evolutionary  prohlems  in- 
volved  cornes  to  view.  In  other  words,  the  tenet  of  the  uniformity 
of  results  from  the  opération  of  the  same  causes,  is  the  light  in  which 
the  problem  must  be  looked  at  if  it  is  to  be  seen  in  its  fulness.  Are 
the  peculiarities  under  considération  found  only  in  ascidians  in- 
habiting  the  abyssal  depths  ?  Are  they  présent  in  ail  ascidians  coming 
from  thèse  realms  ?  The  facts  we  hâve  bearing  on  the  first  question 
can  be  given  in  a  few  sentences.  None  of  the  gênera  presenting  the 
peculiarities  in  the  most  striking  way  are  represented  in  the  strictly 
littoral  fauna.  Several,  as  Hypobythius,  Benthascidia,  Bathyoncus, 
Bathypera,  Fungulus,  Eupera,  and  Octacnemus,  are,  so  far  as  known, 
from  great  depths  only.  Several  of  the  other  gênera  formerly  sup- 
posed  to  be  exclusively  and  about  the  most  characteristically  deep- 
sea,  hâve  been  proven,  especially  by  the  "Valdivia's"  dredgings,  to 
occur  in  relatively  shallbw  waters.  The  most  notable  instance  of 
this  is  afïorded  by  the  genus  Culeolus.  The  "  Challenger"  brought  to 
light  seven  species  of  this  group,  only  one  of  which  occurred  in  less 
than  1000  fathoms.  More  recently  at  least  two  others  hâve  been 
added  from  equally  profound  depths.  At  the  same  time,  however, 
the  "Valdivia"  makes  known  three  new  species  from  less  than  500 
fathoms,  and  one  from  112  fathoms.  This  expédition  furthermore 
brought  the  depth  range  of  two  other  gênera  previously  supposed  to 
be  exclusively  abyssal,  namely,  Chorynascidia  and  Abyssascidia,  into 
depths  considerably  less  than  500  fathoms.  This  increase  of  the 
bathymétrie  range  of  typically  abyssal  species  and  gênera  from 
more  extensive  exploration  makes  it  probable  that  continued  in- 
vestigation will  carry  us  still  further  in  the  same  direction.  There  is 
Utile  c/round  for  confidence  in  the  data  we  now  possess  that  any  known 
ascidian  genus  is  strictly  and  exclusively  abyssal. 

The  reply  to  our  second  question,  namely.  Do  ail  abyssal  ascidians 
possess  the  branchial  peculiarities  seemingly  characteristic  of  species 
belonging  to  thèse  realms  ?  ought  to  be  treated  in  more  fulness 
than  time  will  permit.  Xine  Styela,  two  Molgula,  one  Ascidia,  one 
Ciona,  four  Polyclinus,  one  Botryllus,  one  Leptoclinus,  and  one 
Coelocormus,  twenty  species  in  ail,  are  known  from  depths  of  500 
fathoms  and  more.     Several  of  thèse  go  to  1000  fathoms,  to  2000 
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fathoms,  and  even  to  greater  depths.  I  hâve  mentioned  the  generic 
relationships  of  thèse  to  bring  out,  in  the  first  place,  the  fact  that  they 
represent  famihar  Uttoral  gênera,  and  in  the  second  place  that  they 
are  so  widely  scattered  in  their  affinities.  In  none  of  thèse  species, 
so  far  as  I  can  détermine  from  the  literature,  is  there  any  évidence 
of  simplification  of  the  branchial  sac.  Certainly  this  is  true  of  four 
species  that  it  has  been  my  privilège  to  examine.  A  Styela,  for  ex- 
ample, from  2200  fathoms  off  the  California  coast  I  hâve  studied 
with  spécial  care  from  this  point  of  view,  and  am  unable  to  find  a 
single  feature  in  its  organization  that  could  be  regarded  as  a  spécial 
adaptation  to  its  remarkable  habitat.  Disposition  of  this  case  ac- 
cording  to  views  that  hâve  been  orthqdox  during  the  last  quarter- 
century  would  take  it  for  granted  that  this  Styela  has  not  been  a 
denizen  of  such  depths  long  enoiigh  for  the  moulding  power  of  the 
environment  or  for  natural  sélection  to  hâve  accomplished  their 
work.  Only  wait  a  sufficient  time,  we  hâve  been  wont  to  say,  and 
this  Styela,  if  prevented  from  inter-breeding  with  individuals  from 
shallower  waters,  would  undergo  the  same  détérioration  of  branchial 
sac  that  so  many  of  its  cohabitants  of  the  abysses  hâve  sufîered. 

The  sooner  biologists  recognize  this  sort  of  explanation  to  be  in 
the  nature  of  a  soporific  that  tends  to  inhibit  grappling  with  the  real 
issues  involved,  the  better.  What  évidence  is  there  for  the  assump- 
tion  that  this  Styela  has  lived  a  briefer  time  in  2000  fathoms  than  has 
the  Culeolus  (one  of  the  gênera  with  a  modified  sac)  that  cornes  up 
with  it  in  the  same  trawl  haul  ?  Not  one  atora  beyond  the  very  facts 
that  the  assumption  itself  is  made  to  explain  !  Furthermore,  the 
impossibility  of  getting  any  such  évidence  is  patent.  The  strength 
of  this  reasoning  consists  in  its  being  so  thoroughly  spéculative  as 
to  be  wholly  beyond  the  reach  of  proof  or  disproof.  In  the  mean- 
time  hère  are  thèse  two  ascidians  (and  even  now  when  the  data  are 
so  meager  the  instance  can  be  duplicated  several  times  from  widely 
sépara ted  parts  of  the  sea),  living  side  by  side  at  this  great  depth, 
one  flourishing  as  well  as  the  other,  so  far  as  can  be  seen,  the  one 
(Culeolus)  bearing  marks  that  seem  to  be  characteristic  of  its  peculiar 
environment,  the  other  (Styela)  having  no  such  marks. 

Another  aspect  of  the  problem  of  adaptation  in  abyssal  ascidians 
I  must  touch,  even  though  still  more  cursorily.  The  sélective  value 
of  spécifie  characters  is  the  question  I  refer  to.  Culeolus  contains 
more  known  species  —  about  a  dozen  —  than  any  other  deep-sea 
genus.  It  is  impossible  to  review  in  détail  hère  the  spécifie  char- 
acters of  thèse  species.  Among  the  most  important  for  separating 
them  are  the  présence  or  absence,  and  the  arrangement  when  présent, 
of  certain  papilliform  structures  on  the  external  surface  of  the  test. 
I  do  not  believe  the  naturalist  lives  who  has  sufficient  ingenuity  to 
even  imagine  how  the  patterns  displayed  by  thèse  papillae  in  the 
différent  species  could  be  of  saving  importance  to  the  animais. 
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The  (Hfficulties  of  likc  onlcr  (o  thosc  coiistaiitly  l)ciiig  met  hy  (ho 
student  of  specics  are  lierc  lari!;cly  cnliaiiccd  hytlie  grcat  uniiorinity 
of  the  environment  in  whicli  thc  créatures  live.  1  do  not  helieve  that 
in  ail  nature  tliere  is  a  more  promising  realiii  to  look  (o  for  light  on 
at  least  some  of  th(>  leading  (piestions  of  adaj)tation  than  the  deep 
sea. 


DISTRIBUTION   OF   MOSQUITOES   IN   NORTH 
AMERICA 

(Abstract) 
HARRISON    G.    DYAR 

Adults  of  mosquitoes  feed  on  animal  blood,  but  their  distribu- 
tion is  not  controUed  by  that  of  mammals  as  they  hâve  other  means 
of  subsistance.  Adults  generally  do  not  fly  far  from  their  breeding- 
place,  hence  their  distribution  is  dépendent  upon  suitable  conditions 
for  breeding.  INIosquitoes  breed  in  stagnant  water.  The  distribu- 
tion of  such  water  gives  the  key  to  the  distribution  of  mosquitoes. 
Most  water  is  unfit  for  breeding,  and  even  stagnant  water  has  to  be 
suitable.  Each  species  has  its  spécial  condition  and  location  for 
breeding. 

Standing  water  is  divisible  into  two  kinds:  (1)  that  collected  in 
cavities  in  the  ground,  and  (2)  in  leaves  or  flowers  of  living  plants. 
The  first  kind  is  suitable  for  Culicinae,  the  second  for  Sabethinœ. 
Water  in  dead  vegetable  tissues,  such  as  holes  in  trees,  is  intermediate, 
but,  on  the  whole,  more  suitable  for  Culicinœ.  It  has  its  own  spécial 
species. 

The  Sabethines  are  of  tropical  distribution  as  only  there  are  there 
many  plants  holding  water.  One  species  occurs  in  temperate  North 
America,  viz.  :  Wyeomyia  smiihii  Coq.,  in  the  leaves  of  the  pitcher 
plant.  It  occurs  only  in  marshes  and  does  not  bite  man.  Joblotia 
and  Limatus  breed  in  cocoanut  shells  and  will  be  found  in  neglected 
tropical  orchards. 

We  notice  the  occurrence  of  predaceous  species  whose  larvse  feed 
on  those  of  other  mosquitoes,  and  hâve  the  same  distribution.  The 
Culicines,  whose  larvse  inhabit  ground  water,  hâve  a  number  of 
spécial  habits  according  to  the  species,  and  thèse  govern  their  dis- 
tribution. Anophèles,  the  malaria  carriers,  are  somewhat  of  an 
exception  as  they  can  breed  in  almost  any  water.  Their  distribution 
is  limited  by  arid  and  arctic  conditions. 

A  division  occurs  as  to  the  species  inhabiting  permanent  and 
temporary  water,  Culex  being  adapted  to  the  former,  Aedes  to  the 
latter.  As  to  Culex,  natural  breeding-places  not  containing  fish  or 
other  enemies  being  scarce,  the  species  take  readily  to  artificial 
breeding-places,  such  as  water-barrels,  and  thèse  constitute  our 
semi-domestic  species,  like  Culex  pipiens,  so  troublesome  in  cities. 
The  water  in  hollow  trees  furnishes  a  certain  set  of  species  and  thèse 
only  are  to  be  found  in  our  dry  forests  where  other  water  is  absent. 
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Aedes,  wliicli  inhabit  temporary  puddles,  liave  eggs  adapted  to 
resist  dessication.  Species  of  this  genus  iiiliahit  Uie  arctic  régions 
where  the  winter  is  passed  in  the  egg  state  and  the  larvœ  dcvelop  in 
the  water  of  meldng  snow.  In  more  southern  latitudes,  other  Aedes 
breed  rapidly  in  temporary  rain  puddles.  Their  distribudon  is  con- 
troUed  by  the  occurrence  of  rain  in  sufficient  quantity,  even  if  of 
unfrequent  occurrence.  A  séries  of  species  inhabit  the  sait  marshes 
along  our  coasts,  breeding  in  the  small  temporary  pools,  filled  only 
by  the  highest  tides. 

A  single  species  breeds  only  in  water-worn  holes  in  rocks  along 
streams  or  lakes  and  occurs  only  in  such  situadons  though  the  species 
has  a  wide  range. 


THE    ORIGIN  OF  THE   FISH-FAUNA  OF  THE  FRESH 
WATERS    OF    SOUTH   AMERICA  ^ 

CARL  H.   EIGENMANN 

South  America  is  inhabitée!  by  two  distinct  fresh-water  faunas, 
différent  in  composition  and  in  origin. 

The  région  from  Bahia  Blanca  to  Valparaiso  southward,  the 
Patagonian  fauna,  is  very  poor  in  species.  It  consists  of  (a)  Récent 
additions  from  the  sea;  (b)  Stragglers  from  the  north,  Cheirodon, 
Astyanax,  Bergia  and  Pygidium;  and  (c)  The  families  the  région 
has  in  cominon  with  Australia  and  New  Zealand,  the  Galaxiidse, 
Aplochitonidœ  and  Petromyzontidae. 

The  région  of  the  La  Phata  river  and  everything  north  of  it  is  in- 
habited  by  a  fauna  exceedingly  rich  in  gênera  and  species.  Aside 
from  marine  forms  entering  the  ri  vers  for  a  greater  or  less  distance, 
this  fauna  is  composed  in  part  of  the  descendants  of  early  immigrants 
from  the  sea.  The  Trygonids  and  swell  fish  (Calomesus),  Orestias, 
Gastropterus  and  Pachyurus  belong  to  this  group.  Thèse  are  shown 
to  be  early  immigrants,  first,  by  the  fact  that  they  are  generically  dis- 
tinct from  their  oceanic  relatives,  and  by  the  fact  that  some,  at  least, 
are  found  in  the  plateau  of  the  San  Francisco.  They  could  not  hâve 
entered  this  région  after  the  formation  of  the  falls  of  this  river,  and 
the  time  before  the  formation  of  the  falls  takes  us  back  to  the  time 
when  South  America  had  not  yet  reached  its  présent  proportions. 
To  lower  the  continent  to  the  upper  level  of  the  San  Francisco  falls 
would  submerge  nearly  the  entire  Orinoco,  Amazon  and  La  Plata 
valleys.     Thèse  are  among  the  earliest  inhabitants. 

The  remainder  of  the  fauna  consists  of  members  of  (a)  the  widely 
distributed  dominant  family  Pœciliidœ;  (b)  the  relicts  Lepidosiren 
and  Osteoglosus,  and  (c)  the  families  Cichlidse,  Characidae  and  the 
group  of  families  of  the  Nematognathi. 

The  distribution  of  (b)  and  especially  of  (c)  shows  conclusively 
that  the  fauna  of  tropical  South  America  has  had  a  common  origin 
with  that  of  Africa. 

The  fact  that  probably  not  a  single  genus  is  found  on  both  sides 
of  the  Atlantic  shows  that  the  time  of  séparation  of  the  two  faunas  is 
remote.  The  absence  of  Cyprinidae  and  Mormyridse  from  South 
America  places  the  time  anterior  to  the  entrance  of  thèse  into  Africa. 

*  For  a  f  ull  account  sce  Reports  of  the  Princeton  University  Expéditions  to  Pata- 
gonia,  3,  1896-1899. 
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During  this  carly  timo  South  Amorica  consisted  of  two  islands, — 
the  east  lîrazilian  })lateau  and  the  (luiana  Iliglilands;  possibly  also 
of  a  chain  of  islands  whcre  now  are  the  Cordillcras.  The  points  of 
origin  must  lie  on  the  plateaus  of  Brazil  and  Guiana. 

Fortunately,  on  the  east  Brazilian  plateau  we  hâve  the  Rio  San 
Francisco  nearlv  eut  ofï  from  surrouiidint;  régions  bv  h\<A\  falls, 
and  the  upper  Parana,  separated  from  its  lower  course  hy  impassable 
falls.  Its  fauna  must  be  largely  uncontaminated  by  récent  develop- 
ments  of  the  lowlands.  In  Guiana  vve  hâve  the  Guiana  plateau 
culminating  in  the  lloraima  mountains.  From  this  plateau  ail  rivers 
come  over  high  falls,  so  that  on  this  plateau  we  must  again  hâve 
remuants  of  the  original  fauna  uncontaminated  by  récent  develop- 
ments.  The  desirability  of  investigating  the  San  Francisco  and  its 
surrounding  streams,  and  especially  the  Guiana  plateau  with  its 
surrounding  rivers,  the  Essequibo,  Orinoco  and  Branco,  must  be 
quite  évident.' 

With  the  graduai  élévation  of  the  continent  the  Orinoco-Amazon- 
La  Plata  basin  became  filled  and  elevated.  In  it  is  to  be  found  the 
largest  fresh-water  System  of  the  world.  This  system  became  popu- 
lated  from  the  Brazilian  and  Guiana  plateaus,  and  itself  gave  rise  to 
unparalleled  adaptive  radiation.  From  it  hâve  migrated  southward 
over  the  Madeira-Paraguay  route  fîfty  gênera  that  hâve  not  suc- 
ceeded  in  passing  from  stream  to  stream  along  the  east  slope  of 
the  Brazilian  plateau.  From  this  fauna  hâve  also  been  derived,  in 
comparatively  récent  time,  the  Pacific  slope  fauna,  which  is  less 
distinct  from  that  of  the  Amazon  than  the  fauna  of  the  coastal 
streams  of  the  east  Brazilian  plateau. 

The  number  of  éléments  composing  the  South  American  fauna 
are  few,  but  thèse  hâve  undergone  unparalleled  radiation.  This  is 
shown  by  the  nematognaths,  and  especially  the  characins,  of  which 
there  are  about  seven  hundred  species  known. 

>  Since  this  was  written  one  of  my  students,  Mr.  J.  Haseman,  has  coUected 
in  the  Pào  San  Francisco,  and  I  hâve  been  on  the  Guiana  plateau. 
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Some  instruments  for  microtechnique. 
Method  for  making  sériai  celloidin  sections. 

C.    W.   Beebe. 

Box  of  bird  skins. 

R.    P.    Bigelow. 

Some  Stomatopoda  from  the  Pacific. 

K.   Bonnevie. 

IMicroscopic  préparations  illustrating  the  nature  of  heterotypical  mitosis. 
Microscopic    préparations    illustrating    chromosomes    in    development    and 
division. 

H.   L.   Brtmer. 

Opération  of  the  molting  mechanism  of  lizards. 

W.   C.   Curtis. 

Microscopic  préparation  of  the  cestode  C.  laciniatum. 

W.    Dantchakofi. 

Microscopic  préparations  illustrating  the  development  of  the  éléments  of 
the  blood  in  the  chick. 

C.   B.    Davenport. 

Démonstration  of  methods  and  results  in  pedigree  breeding. 
G.   A.    Drew. 

Drawings  to  illustrate  a  method  of  making  séries  of  anatomical  drawings. 
T.    Dwight. 

Collection  of  variations  of  bones. 

C.   R.   Eastman. 

Spécimens  and  drawings  of  Dipterus. 

J.    H.    Emerton. 

Démonstration  collection  of  spiders. 
G.   Fischer. 

Books.     (Wissenschaftliche  Ergebnisse  der  deutschen  Tiefsee-Expedition.) 
S.    H.    Gage. 

Glycogen  in  the  embryo. 

Method  of  making  models  of  blotting  paper  instead  of  wax. 

A.    W.    Grabau. 

Mutations  of  Spirifer  mucronatus. 

Miss   E.   R.    Gregory. 

Microscopic  préparations. 

J.   F.    Gudematsch  (for  F.    E.   Botezat). 

Epicellular  nerve  disks  in  touch  corpuscles. 
Taste-buds  in  birds. 
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J.   F.    Gudematsch. 

Organs  of  taste  in  aquatic  mammals. 

R.    G.    Harrison. 

Préparations  illustrating  the  development  of  the  nerve  fibre. 

O.    P.    Hay. 

Drawings  of  North  American  Testudinata  for  the  memoir  to  be  published  by 
the  Carnegie  Institution. 

M.    Herzog. 

Préparations  of  the  earUest  stages  of  placentation   and  embryonic  devel- 
opment in  man. 

W.   Junk. 

Books. 

H.    McE.  Knower. 

Mounts  of  entire  spécimens  and  sections  of  tadpoles  developed  after  early 
removal  of  the  heart,  and  with  arrested  circulation. 

T.    G.   Lee. 

Implantation  of  the  ovum  in  American  Rodentia. 

F.    T.   Lewis. 

Model  of  a  young  human  embryo. 

W.   A.   Locy. 

Injected    and    dissected    chick    embryos    showing    fifth    and    sixth    aortic 

arches. 
The  nerve  terminais  in  selachians. 

A.    M.    Lutz. 

Chromosomes  from  somatic  cells  of  Oenothera  lamarckiana,  its  mutants  and 
hybrids. 

F.    E.    Lutz. 

Abnormal  wings  of  Drosophila. 

O.  Maas. 

Microscopical  préparations.        ; 

W.  D.  Matthew. 

Palaeogeographical  maps  of  the  American  Tertîary. 

A.  Maziinow. 

Microscopic  préparations  illustrating  the  development  of  the  blood  éléments 
in  mammalian  embryos. 

S.  Metalnikofi. 

Préparations  of  blood  and  tubercle  Bacillus. 

H.  F.  Nachtrieb. 

Latéral  line  system  and  other  features  of  Polyodon. 
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Collection  of  Bothriolepis  from  the  Devonian  rocks  of  New  Brunswick.. 
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A.  Petrunkevitch. 

Images  in  spider's  eyes. 
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C.   P.   Rousselet. 
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C.    H.    Stemberg. 

Vertebrate  fossils. 

F.   B.    Sumner. 

Studies  of  the  scemingly  protective  coloration  of   the  gasteropod  Litorina 
puUiata  (Say). 

R.   J.   Terry. 

Model  of  a  cranium  of  a  cat  embryo  of  23.6  mm. 
Model  of  brain  of  Opsanus  (pineal  région). 
Neuroglia  syncytium  in  a  teleost. 

J.  Â.   Thomson. 

Peculiar  alcyonarians. 

F.    W.   Thyng. 

Modela  of  the  early  development  of  the  pancréas  in  a  human  embryo  and 
in  other  mammals. 

J.    W.   Van   Wijhe. 

Development  of  the  chondrocranium  of  birds. 

J.    Warren. 

Paraphysis  and  pineal  région  in  Nedurus  maculatus,  Lacerta  muralis,  and 
Chrysemys  marginata. 

B.   G.    WUder. 

Living  Hyla  andersonii  and  Coati. 
The  smallest  knowTi  foetus  of  Manatee. 
Photographs  of  brains. 

J.    Wilhelmi. 

Démonstrations  of  marine  triclads.    (Préparations  and  Uving  animais.) 

R.    M.  Yerkes. 

Apparatus  for  the  study  of  animal  behavior. 


PKOCEEDINGS 


GENERAL  MEETING 

19  August,  1907 

The  meeting  was  called  to  order  by  the  Président,  Alexander 
Agassiz. 

Mr.  Agassiz  welcomed  the  members  and  their  guests,  and  spoke 
on  the  former  scope  of  zoôlogical  work  and  its  présent  trend.  He 
outhned  briefly  some  of  the  results  obtained  by  several  of  the  expé- 
ditions engaged  in  deep-sea  work,  and  gave  in  more  détail  an  account 
of  the  part  taken  by  Americans  in  thalassographic  exploration. 
(See  ante,  pp.  55-59.) 

On  recommendation  of  the  Executive  Committee  the  foUowing 
officers  were  elected: 

Vice-Présidents 
Stephan  Apâthy  Richard  Hertwig 

William  Bateson  Geza  de  Horvâth 

Raphaël  Blanchard  A.  A.  W.  Hubrecht 

Max  Braun  Alois  Mrâzek 

Otto  Fuhrmann  Henry  F.  Osborn 

Giorgio  Ghigi  Paul  Pelseneer 

Ludwig  von  GrafF  Vladimir  Schewiakoff 

Shôzaburo  Watase 

Recording  Sccrctary 
Samuel  Henshaw 

Mr.  Agassiz  asked  that  ail  delegates,  members,  and  participants 
who  had  not  received  a  card  of  invitation  for  his  réception,  honor  him 
with  their  company  at  the  Hôtel  Somerset,  Wednesday  evening. 

The  f ollowing  letter  was  read  : 

The  Seventh  International  Congress 
Boston,  U.  S.  A. 

The  Impérial  Warsaw  University  h  as  the  honour  to  send  greetings 
to  the  Seventh  International  Zoôlogical  Congress,  and  to  wish  it  every 
success  in  its  scientific  labours. 

(Signed)  Rectûr  Dr.  E.  Karskij 
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The  Président  asked  if  any  delegate  wished  to  address  the  Congress. 
None  responded. 

The  Secretary  stated  that  an  invitation  to  hold  the  sessions  of 
the  Eighth  International  Zoological  Congress  in  Monaco  had  been 
received  from  S.  A.  S.  le  Prince  de  Monaco. 

A  letter  from  Dr.  F.  A.  Bather  concerning  a  permanent  title  for 
the  pubhcations  of  the  Congress  was  announced. 

The  Congress  authorized  the  distribution  by  Dr.  Derjugin  of  the 
notice  concerning  the  international  award  by  the  St.  Pétersbourg 
Society  of  Naturalists  in  honor  of  A.  O.  Kovalevsky. 

The  Secretary  stated  that  as  an  insufïicient  number  had  registered 
for  the  excursion  to  Bermuda,  anyone  who  wished  to  join  in  such  an 
excursion  should  register  his  intention  with  Dr.  G.  H.  Parker  at 
once;  also  that  the  several  sections  of  the  Congress  would  be  called 
to  order  by  the  organizing  Secretary  and  that  each  section  would 
choose  its  own  officers. 

The  Président  stated  that  the  sélection  of  the  place  for  the  next 
meeting  of  the  Congress,  action  on  Dr.  Bather's  letter,  on  the  report 
of  the  International  Commission  on  Zoological  Nomenclature,  and  on 
the  report  of  the  Committee  on  the  work  of  the  Concilium  Biblio- 
graphicum  during  the  years  1904-1907  would  be  considered  by  the 
Council,  and  at  future  sessions  of  the  Congress. 

Prof.  Raphaël  Blanchard,  Chairman  of  the  Committee  on  Prizes 
(a7ite,  pp.  29-31),  announced  the  award  of  the  Emperor  Nicholas  II 
Prize  to  Prof.  Lucien  Cuénot  of  Nancy,  and  sketched  briefly  some  of 
the  results  contained  in  Prof  essor  Cuénot's  memoir  {ante,  pp.  99-110). 
Professer  Blanchard  also  expressed  the  regret  of  the  Committee  that 
the  important  memoirs  of  Drs.  Loisel  of  Paris  and  Standfuss  of 
Zurich  were  received  too  late  for  the  considération  of  the  Committee. 
He  asked  that  the  Congress  accept  thèse  memoirs  for  publication. 
(See  ante,  pp.  111-127.) 

Prof.  Richard  Hertwig  addressed  the  Congress  on  some  new 
problems  of  cell  research.    (See  ante,  pp.  60-87.) 

It  was  announced  that  the  International  Commission  on  Zoo- 
logical Nomenclature  would  hold  an  executive  session  at  5  p.  m.  at 
the  Hôtel  Brunswick. 

The  meeting  then  adjourned. 

Samuel  Henshaw, 

Recording  Secretary 
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GENERAL  MEETING 

21  August,  1907 

The  meeting  was  called  to  order  by  Président  Agassiz. 

Dr.  C.  W.  Stiles  read  the  Report  of  the  International  Commission 
on  Zoôlogical  Nomenclatm-e,  which  on  his  motion  was  tabled  for 
future  considération. 

Dr.  Stiles  for  the  International  Commission  on  Zoôlogical  Nomen- 
clature proposed  the  following  nominations  for  the  Commission 
Class  of  1916:  Dr.  F.  A.  Jentink,  Leyden,  Prof.  F.  E.  Schulze, 
Berlin,  Dr.  L.  Stejneger,  Washington,  Président  D.  S.  Jordan, 
Stanford  University,  Prof.  F.  S.  Monticelli,  Naples. 

On  motion  the  nominees  named  were  elected. 

Prof.  W.  B.  Scott  presented  the  following: 

Report  on  the  Work  of  the  Concilium  Bibliographicum  during 
THE  Years  1904-1907 

Sinee  the  last  meeting  of  the  Congress  in  Bern,  the  Concilium  Bil:)lio- 
graphicum  has  eompleted  the  first  décade  of  its  existence.  This  period  has 
been  of  necessity  somewhat  expérimental  in  character,  for  the  funds  at 
the  disposition  of  the  Institute  hâve  been  quite  inadéquate  for  a  full 
expansion  of  its  activaty.  The  results  attained  are,  however,  such  as  to 
render  a  more  permanent  organization  of  the  work  in  our  opinion  highly 
désirable.  That  this  is  the  verdict  of  the  scientific  world  is  apparent 
from  the  tendency  of  existing  bibliographies  to  group  themselves  about 
the  Institute  as  a  natural  centre.  It  has  corne  about  that  the  sources  of 
information  to  which  the  zoologist  turns  ail  dépend  primarily  upon  the 
Concilium.  Thus  the  bibliography  of  the  Zoologischer  Anzeiger  has 
now  for  four  years  been  completely  amalgamated  with  the  Institute. 
Following  this  example  the  bibliographical  part  of  the  Centralblatt  fur 
Physiologie  was  in  1905  given  over  to  the  Concilium  Bibliographicum. 
Later  the  editors  of  the  Archiv  fur  Protistenkunde  desired  the  Concilium 
to  undertake  the  publication  of  the  bibliography  of  Protozoôlogy  founded 
by  the  lamented  investigator,  Schandinn.  The  first  issue  under  the  new 
editorship  is  now  in  prcss.  Furthermore,  four  other  existing  bibliogra- 
phies hâve  been  offered  to  the  Concilium  under  similar  conditions.  Fi- 
nally,  four  new  bibliographies  hâve  been  planned  in  connection  with  the 
Concilium,  two  of  which  (electro-chemistry  and  forestry)  would  form 
independent  sections  of  the  work.  The  financial  condition  of  the  Insti- 
tute is  such  that  the  expansion,  which  ail  of  the  above-mentioned  projects 
in  volve,  cannot  safely  be  undertaken. 

The  work  appt>arinjî  vmder  its  direct  editorship  gives,  however,  a  very 
imperfect  idea  of  the  dcpendence  of  the  zoologists  upon  the  Concilium. 
It  is  quite  évident  that  the  reviewers  eiiiployed  on  the  staff  of  the  Animal 
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Records  and  Jahreshericlite  cannot  each  undertake  to  work  tliroiigh  the 
three  thousand  periodicals  that  appear.  For  their  crudc  material,  as  a 
glance  at  their  work  will  show,  they  use  the  puhUcations  of  the  Con- 
cilium.  In  many  cases  the  revnewer  feels  it  indeed  necessary  to  make 
a  formai  acknowledgment  of  the  source  upon  which  he  drew. 

This  state  of  affairs  makes  it  vitally  important  for  the  permanence  of 
the  ConciHum  to  he  completely  assured  for  the  future  and  it  is  desired 
on  the  occasion  of  the  first  gathering  of  the  International  Congress  in 
this  country  to  form  an  American  committee  with  the  object  of  raising 
funds  for  this  purpose. 

The  committee  proposes  to  the  Congress  a  vote  of  appréciation  and 
thanks  for  the  work  thus  far  accomplished. 

Statistics  submitted  hy  the  Dircdor  of  the  Concilium 

To  give  an  idea  of  the  work  accomplished,  the  foUowing  statistics 
will  prove  interesting: 

The  number  of  individual  primary  cards  issued  since  the  foundation 
of  the  Concilium  had  on  December  31st,  1906  attained  the  grand  total 
of  20,401,100. 

The  foUowing  table  shows  the  total  number  of  entries  in  a  complète 
set  of  cards  arranged  by  subjects  and  by  authors.  The  years  refer  to 
the  date  of  publication  of  the  cards. 

A)  Subject  index  1896/1901      1902      1903      1904      1905      1906      Total 


1 .  Palaeontology 

2.  General  Biology 

3.  Microscopy,  etc. 

4.  Zoôlogy 

5.  Anatomy 

6.  Physiology 


7997  1436  1568  2113  2033  1711  16858 

585  93  200  233  126  148  1385 

910  107  169  167  137  141  1631 

63287  11059  12692  14626  16357  13074  131095 

6758  1224  2009  2148  2136  1610  15885 

3042        2644  2582  8268 

Total      82579  13919  16638  19287  23433  19266  175122 

B)  Author's  index        46666  6727  8319  9480  13064  9439  93695 

Total     129245  20646  24957  28767  36497  28705  268817 


The  différent  guide  cards  with  printed  classification  number  at  présent 
1887,  of  which  293  are  for  Palaeontology,  14  for  General  Biology,  14  for 
Microscopy,  1279  for  Zoôlogy,  98  for  Anatomy,  and  189  for  Physiology. 
Each  set  of  secondary  guide  cards  for  Zoôlogy  and  Palaeontology  contains 
furthermore  83  cards. 

The  financial  situation  is  shown  by  the  foUowing  table: 


Expenditures  up  to  the  31  Dec. 
Receipts  up  to  31  Dec.  1906  . 
Debt 


1906 


Fr.  275,550.75 

252,670.32 

22,880.43 


Since  the  first  of  January,  adverse  circumstances  hâve  caused  an 
increase  of  the  debt  by  about  4,000  francs.  The  above  statement  does 
not  include  the  cost  of  the  new  buildings  of  the  Concilium,  since  the 
building  account  has  been  kept  open  until  ail  accounts  hâve  been  settled. 
It  will  then  be  transferred  to  the  balance  sheet  of  the  Institute. 
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Those  working  on  the  staff  during  the  period  under  review  hâve  been: 

Dircctor 
Dr.  Herbert  Haviland  Field 

Assistants 
Miss  Marie  Rùhl 
Dr.  Hermann  Jordan 
Dr.  Marie  Daiber 
Dr.  Tako  Kuiper 

Secretaries 
Miss  Leonie  Loeher 
Miss  Lina  Millier 
Miss  Marie  Horlacher 

Technical  Dircctor 
Mr.  Adolph  Law  Voge,  M.  E. 

Three  typographers,  three  sorters,  one  errand-boy. 

It  is  of  interest  to  note  that  the  building  erected  for  the  Concilium 
brings  the  entire  work  under  one  roof  and  has  proved  itself  most  con- 
venient. 

It  was  voted  to  refer  the  Report  to  the  Council. 

On  recommendation  of  the  Executive  Committee,  Drs.  H.  C. 
Bumpus,  C.  B.  Davenport,  W.  J.  Holland,  L.  O.  Howard,  F.  S. 
Lillie,  E.  L.  Mark,  H.  F.  Osborn,  W.  E.  Ritter,  and  W.  B.  Scott 
were  elected  a  Committee  for  raising  funds  for  the  Concilium  Biblio- 
graphicum. 

Dr.  W.  T.  Hornaday  called  attention  to  the  danger  of  extinction 
of  the  Alaskan  Fur  Seal,  and  offered  a  resolution  for  their  absolute 
protection  for  fifteen  years.  It  was  voted  to  refer  the  matter  to  the 
Council. 

Sir  John  Murray  addressed  the  Congress  on  some  récent  problem 
in  Oceanography,  discussing  the  physical  and  chemical  conditions 
of  the  océan  as  related  to  animal  life,  the  movements  of  oceanic 
waters,  and  the  fauna  on  the  océan  bottom. 

A  statement  from  the  section  of  Zoôgeography  and  Thalassog- 
raphy  concerning  the  importance  of  the  study  of  the  Isthmus  of 
Panama  from  a  zoôgeographical  standpoint  was  read  and  referred 
to  the  Council. 

After  the  announcement  of  several  items  of  business  the  meeting 
adjourned. 

Samuel  Henshaw, 

Recording  Secretary 
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GENERAL  MEETING 

23  August,  1907 

Président  Agassiz  called  the  meeting  to  order  and  annoiinced 
that  by  vote  of  the  Council  the  sessions  of  the  Eighth  International 
Zoôlogi^al  Congress  would  be  held  diiring  August,  1910,  at  Graz, 
under  the  presidency  of  Prof.  Ludwig  von  Graff. 

On  recommendation  of  the  Council  it  was  voted  that  the  Inter- 
national Zoôlogical  Congress,  at  its  Boston  meeting,  desires  to  express 
its  appréciation  of  the  importance  of  the  study  of  the  biology  of  the 
fresh-water  région  of  the  Isthmus  of  Panama  from  a  zoôgeographical 
standpoint. 

Hère  the  faunas  of  two  great  océans  formerly  met  and  are  now 
narrowly  separated,  and  hère  the  fresh-water  faunas  of  the  two 
slopes  of  tropical  America  hâve  mingled  and  are  still  in  part  identical. 

Recognizing  that  the  completion  of  the  Panama  Canal  will  per- 
manently  obliterate  existing  conditions,  the  Congress  desires  to 
endorse  any  plans  looking  to  the  thorough  biological  survey  of  the 
région  about  Panama. 

The  Report  of  the  International  Commission  on  Zoôlogical  Nomen- 
clature read  at  the  meeting  of  21  August,  was  considered,  and  on 
motion  of  Dr.  Théodore  Gill,  adopted.     (See  ante,  pp.  35-53.) 

By  recommendation  of  the  Council  the  Report  on  the  work  of  the 
Concilium  Bibliographicum  (meeting  of  21  August)  was  endorsed. 

Prof.  Raphaël  Blanchard,  acting  for  the  Council,  asked  the  accept- 
ance  by  the  Congress  of  the  offer  of  the  Société  Impériale  des  Natu- 
ralistes de  Saint  Pétersbourg  for  the  establishment  of  a  prize  in 
honor  of  A.  O.  Kovalevsky  (ante,  pp.  32-34). 

It  was  voted  that  Professer  Blanchard,  as  permanent  Secretary 
of  the  Congress,  express  to  the  St.  Pétersbourg  Society  the  thanks 
of  the  Congress  for  this  libéral  and  welcome  gift,  and  that  the  same 
be  accepted  on  the  terms  proposed. 

Prof.  W.  K.  Brooks  addressed  the  Congress  on  Heredity  and 
Variation  (see  ante,  pp.  88-98). 

It  was  asked  that  ail  papers  and  abstracts  of  papers  intended  for 
publication  by  the  Congress  be  sent,  addressed  to  the  Seventh  Inter- 
national Zoôlogical  Congress,  Cambridge,  not  later  than  15  Septem- 
ber,  1907. 

Prof.  A.  A.  W.  Hubrecht,  as  représentative  of  the  varions  dele- 
gates,  congratulated  the  Président  and  those  acting  with  him  on  the 
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great  success  of  the  sessions  about  to  close,  and  voiced  the  thanks 
of  the  delegates  for  the  courtesies  extended  during  their  too  short 
stay  in  Boston. 

Président  Agassiz  repHed  briefly  and  then  declared  the  Congress 
adjourned  to  meet  at  Graz  in  August,  1910. 

Samuel  Henshaw, 

Recording  Secretary 
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